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RELIABILITY  PROGRAMS  FOR  NONELECTRONIC  DESIGNS 
VOLUME  I:  RESULTS  OF  SURVEY 


SUMMARY 

Current  military  standards  for  reliability  programs,  reliability 
predictions  and  quallflcatl on/acceptance  testing  were  written  primarily 
for  electronic  equipment  where  component  standardization  and  the  valid 
assumption  of  an  exponential  failure  rate  permit  their  direct  applica¬ 
tion.  These  electronic  systems,  however,  often  contain  nonelectronic 
assemblies  that  are  critical  to  operational  readiness,  mission  success  or 
demand  for  logistic  support  and  maintenance.  Examples  of  such  assemblies 
Include  antenna  positioning  mechanisms,  tape  and  disk  drives  and  printers. 

Reliability  engineers  often  Include  nonelectronic  assemblies  within 
the  total  electronic  equipment  when  planning  a  reliability  program  and 
formulating  contractual  requirements.  Typical  tasks  Imposed  require  a 
reliability  program  In  accordance  with  MIL-STD-785,  a  reliability 
prediction  In  accordance  with  MIL-STD-756  and  MIL-HDBK-217  and 
reliability  testing  In  accordance  with  MIL-STD-781.  The  underlying 
assumptions  and  philosophies  reflected  In  these  documents  may  or  may  not 
apply  to  nonelectronic  assemblies.  Design  practices,  analytical 
techniques  and  testing  procedures  contained  In  current  documents  may  be 
more  effective  If  tailored  or  modified  for  application  to  nonelectronic 
equipment. 

Application  of  current  standards  to  nonelectronic  designs  Is 
somewhat  of  a  subjective  Issue  and  depends  upon  the  type  equipment  being 
developed,  previous  applications  experience,  quantity  of  equipments  to  be 
produced  and  many  other  factors.  To  help  Identify  these  characteristics 
and  formulate  a  set  of  criteria  on  which  to  base  recommendations,  the 
Rome  Air  Development  Center  (RADC)  distributed  409  questionnaires  In 
December,  1981  throughout  the  Department  of  Defense  and  related 


Industries.  This  survey  was  designed  to  Identify  reliability  techniques 
and  practices  currently  used  for  nonelectronic  assemblies,  equipments  and 
systems  Including  nonelectronic  portions  of  electronic  systems  and 
totally  mechanical  systems.  A  total  of  112  completed  questionnaires  were 
returned  to  RADC. 

The  next  phase  of  the  research  program  Involved  the  collection  and 
analysis  of  effectiveness  data  for  reliability  techniques  and  practices 
being  used  by  respondees  of  the  questionnaire.  Results  of  this  analysis 
were  used  to  evaluate  the  capability  of  achieving  numerical  operational 
goals,  cost  effectiveness  of  various  reliability  tasks,  statistical 
validity  of  analysis  and  test  results,  and  the  degree  of  correlation 
between  reliability  predictions  and  test  results  and  between  test  results 
and  field  performance. 

During  this  period  of  evaluating  the  responses  to  the  survey, 
discussions  were  held  with  managers  of  commercial  and  military 
reliability  programs  and  a  literature  search  was  performed.  Results  of 
all  tasks  performed  as  part  of  the  research  effort  were  used  to  develop 
recommendations  for  meaningful  and  cost  effective  reliability  program 
task  requirements  to  be  applied  to  nonelectronic  designs  during  the 
development  phase. 

The  survey  of  reliability  programs  for  nonelectronic  designs 
provided  a  cross  section  of  procedures  and  methods  for  performing  such 
reliability  tasks  as  program  planning,  analyses,  component  derating  and 
developmental  testing.  Survey  results  permitted  a  correlation  of 
reliability  predictions,  test  results  and  field  performance.  This 
correlation  of  Information  aided  In  identifying  the  most  effective 
analysis  and  test  methods  for  achieving  numerical  reliability  goals. 
Limited  Information  as  to  the  cost  of  performing  reliability  tasks  was 
obtained  from  the  survey  and  the  cost  effectiveness  of  reliability  tasks 
could  not  be  quantified. 


This  report  has  been  prepared  In  two  volumes.  Volume  1  summarizes 
results  of  the  survey  on  reliability  programs  for  nonelectronic  designs. 

A  description  of  the  questionnaire  Is  provided  and  response  to  the  survey 
presented  in  terms  of  reliability  tasks,  program  requirements,  and  the 
degree  of  correlation  between  analysis  results,  testing  data  and  field 
performance.  Conclusions  reached  as  a  result  of  the  survey  and 
recommendations  for  Improving  reliability  programs  for  nonelectronic 
designs  are  Included  In  Volume  1.  Volume  2  of  this  report  Is 
applications  oriented  and  provides  recommended  guidelines  for  the 
procuring  activity  and  contractor  to  consider  In  specifying  mrd 
performing  reliability  tasks  for  nonelectronic  designs. 
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1.  QUESTIONNAIRE 


The  questionnaire  as  part  of  the  survey  on  reliability  programs  for 
nonelectronic  designs  was  distributed  to  various  DoD  agencies,  Industry 
and  Industrial  societies.  Table  1  provides  a  summary  of  the  distribution 
of  and  response  to  the  questionnaire. 

TABLE  1.  RESPONDEES  TO  THE  QUESTIONNAIRE 


Recipient 

Distribution 

Response 

Army 

40 

12 

Navy 

52 

8 

Air  Force 

49 

18 

Mlsc  DoO  Activities 

3 

2 

NASA/Government  Agency 

15 

4 

International  Govemaent/Agency 

7 

1 

Industry  (government  contracts) 

122 

43 

Industry  (commercial  products) 

97 

16 

Industrial  Society 

13 

1 

University 

11 

2 

Unidentified 

40? 

5 

TT7 

Table  2  provides  a  summary  of  the  response  In  terms  of  equipment 
representation.  The  questionnaire  as  a  part  of  the  survey  first 
determined  the  respondee's  specific  type  of  equipment  for  which  the 
answers  to  follow  would  apply.  This  Information  provided  a  relationship 
between  procedural  methods  currently  being  used  and  the  generic  types  of 
equipment  represented  In  the  survey  response. 


The  comprehensive  questionnaire  Included  59  questions  directed  at 
reliability  engineering  tasks  constituting  a  total  reliability  program. 
Several  questions  were  asked  about  operational  goals  and  requirements  of 
re 1 1  at . 1 1 ty  programs  being  developed  and  whether  or  not  MIl-STD-785  was 
being  used  for  these  programs. 
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NOMDlua  MOB  BUMC-NOV  HUCfi 


TABLE  2.  EQUIPMENT  REPRESENTATION  IN  RESPONSE  TO  QUESTIONNAIRE 


Equipment  type 


No.  of  responses 


1.  Aircraft/Flight  Control  Systems 

2.  Armored/Wl  ie1ed  Vehicles 

3.  Ml ssll e/Spacecraft  Systems 

4.  Transit  Systems 

5.  Construction  Equipment 

6.  Engines/Power  I  ants 

7.  Hydraull c/Rock  1  Engines 

8.  Radar  Systems 

9.  Computers/Avlon  ^../Communications 

10.  Air  Conditioning  Systems 

11.  Transmissions/Power  Trains/Gear  Boxes 

12.  Motor/Generator  Sets 

13.  Ground  Support  Equipment 

14.  Power  Plant  Generators/Nuclear  Power  Plant  Systems 

15.  Structures 

16.  Home  Appliances/Hand  Held  Mechanisms 

17.  Mydraullc/Pneumatlc  Components 

18.  Electrical  Components 

19.  Sensors/Gyros/Instruments 

20.  Mechanical  Components 


16 

10 

17 

2 

3 

12 

6 

3 
6 
8 

12 

9 

4 

5 
9 
3 

35 

17 

16 

24 


The  next  series  of  questions  were  designed  to  document  the 
procedures  in  use  ior  reliability  analysis  and  testing.  Of  Interest  were 
those  methods  of  analysis  for  stress  margins  and  derating  which  may  not 
yet  be  In  procedural  format.  MIL-STD-781  Is  one  possible  standardized 
testing  procedure  but  Its  universal  application  to  all  types  of 
nonelectronic  assemblies  Is  questionable.  Response  to  this  series  of 
questions  helped  to  establish  the  necessity  and  feasibility  of 
standardizing  reliability  tasks  for  nonelectronic  equipment. 


Other  questions  In  the  survey  were  designed  to  determine  the 
respondee's  degree  of  correlation  between  reliability  predictions,  test 
results  and  field  performance.  Questions  on  parts  selection  procedures, 
application  of  analysis  and  test  results,  and  the  overall  effectiveness 
of  current  standards  for  nonelectronic  equipment  applications  were 
included.  The  questionnaire  as  distributed  throughout  the  reliability 
engineering  community  Is  Included  In  this  volume  as  Appendix  A. 


2.  ANALYSIS  OF  SURVEY  RESULTS 


As  a  first  step  to  determining  the  adequacy  and  cost  effectiveness 
of  applying  current  reliability  standards  to  nonelectronic  designs, 
responses  to  the  questionnaire  were  analyzed  by  Individual  question.  A 
numerical  summary  of  questionnaire  responses  Is  Included  In  this  volume 
as  Appendix  8.  Next,  the  Information  was  compiled  In  chart  form  to 
provide  an  overview  of  the  response  on  a  variety  of  subjects.  This 
summary  Is  Included  as  Appendix  C.  Finally,  response  to  those  questions 
which  could  be  answered  with  a  yes  or  no  are  summarized  In  terms  of 
equipment  representation  In  Appendix  D. 

The  second  phase  of  the  analysis  consisted  of  a  more  detailed  study 
of  the  response  In  each  of  the  following  elements  of  a  reliability 
program  for  nonelectronic  designs: 

o  Reliability  analysis 

o  Development  testing 

o  Screening  requirements 

o  Operational  environment 

o  Reliability  program  tasks/costs 

o  Parts/Standardization  practices 

2.1  RELIABILITY  ANALYSIS 

The  Failure  Mode,  Effects,  and  Criticality  Analysis  (FMECA)  Is 
believed  by  many  to  be  the  single  most  effective  procedure  to  ensure 
reliability  of  a  nonelectronic  design.  The  majority  of  respondees 
regularly  perform  FMECAs  and  consider  this  analysis  technique  to  be 
highly  cost  effective.  A  FMECA  is  considered  by  many  to  be  most 
effective  In  the  early  development  stages  for  initial  screening  and 
feedback  to  designers.  This  analytical  procedure  Is  very  effective  when 
used  to  Interface  reliability  with  design  groups  for  early  problem 
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Identification  and  later  to  help  quantify  failure  modes.  Also  mentioned 
In  several  responses  Is  the  ability  of  a  FMECA  to  pinpoint  safety 
critical  Items.  A  majority  of  respondees  cite  the  FMECA  as  an  Important 
and  necessary  part  of  every  design  effort. 

Without  a  valid  failure  rate  data  base  to  perform  an  accurate 
reliability  prediction  of  nonelectronic  equipment  many  respondees  rely 
on  the  output  of  an  FMECA  to  Identify  critical  failure  modes  from  which  to 
perform  a  detailed  reliability  prediction.  Response  to  the  survey  also 
Identified  the  following  uses  for  a  FMECA. 

o  Initial  screen  and  feedback  at  component  level 

o  Identification  of  catastrophic  failure  mechanisms 

o  Determination  of  Inspection  requirements  In  an  overall 
Reliability  Centered  Maintenance  (RCM)  analysis 
o  Pinpoint  safety  critical  aspects  early  In  the  design  stage 
o  Quantitative  evaluation  where  known  problems  exist 

It  was  apparent  from  the  survey  that  FMECAs  are  performed 
extensively  even  when  not  required  by  a  contract.  Existing  procedures 
Including  ARP  926  and  MIL-STD- 1629  appear  to  be  satisfactory  for 
nonelectronic  designs. 

The  more  detailed  stress  analysis  was  Identified  as  expensive  but 
useful  for  those  development  programs  Involving  design  risk.  Overstress 
was  identified  on  several  responses  as  the  major  source  of  existing 
reliability  problems  and  the  stress  analysis  Is  apparently  very  cost 
effective  as  a  design  evaluation  tool.  Performing  a  stress  analysis  of 
electronic  equipment  Is  a  fairly  routine  procedure  and  results  can  be 
used  directly  for  a  reliability  prediction,  MIL-HDBK-217  Is  a  data  base 
of  failure  rates  as  a  function  of  stress  levels  for  use  In  the  prediction 
effort.  Stress  analysis  for  nonelectronic  equipment  is  more  of  an  art 
and  can  not  usually  be  performed  without  the  services  of  an  experienced 
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stress  analyst.  Also,  results  of  the  stress  analysis  are  not  expressed 
In  terms  of  failure  rate  and  safety  factors  must  somehow  be  equated  Into 
prqbabllltles  of  failure  occurrence. 

A  review  of  response  to  the  questionnaire  on  reliability  programs 
for  nonelectronic  designs  Indicates  that  there  are  few  procedural  methods 
In  existence  for  stress  analysis.  Response  to  one  of  the  questions  on 
methods  used  for  stress  analyses  was  as  follows. 


Number  of  responses 

Procedure  expressing  utilization 


o  Assumed  stress  ratio  14 
o  Detailed  stress  analysis  43 
o  Both  procedures  11 


Several  respondees  stated  that  their  Internal  mechanical  engineering 
group  performed  a  stress  analysis  as  needed.  These  responses  are 
included  in  tho  above  summary  but  It  must  be  assumed  that  others  did  not 
respond  because  they  themselves  do  not  perform  a  stress  analysis.  Thus, 
the  preceding  table  may  not  reflect  all  of  the  stress  analyses  being 
performed  by  engineering  groups. 

To  assure  adequate  safety  margins,  e  variety  of  techniques  Including 
component  derating  are  used.  Although  many  technical  reports  have  been 
Issued  on  derating,  probabilistic  design  methods  and  other  design 
evaluation  techniques,  and  respondees  utilize  the  methods,  relatively  few 
companies  have  written  procedures.  A  summary  of  response  to  this  subject 
Is  as  follows: 

Number  of  responses 

Procedure  expressing  utilization 

o  Stress  derating  65 

o  Probabilistic  design  26 

o  Theoretical  stress  analysis  35 

o  Both  stress  derating  &  probabilistic  design  23 


11 


Reliability  predictions  appear  to  be  the  least  effective  means  of 
evaluating  nonelectronic  designs*  Lack  of  component  standardization  for 
nonelectronic  components  has  prevented  the  establishment  of  a  usable  data 
bank  of  failure  rate  data.  Available  data  does  not  reflect  actual 
operating  field  conditions,  and  the  environmental  and  operational  factors 
upon  which  predictions  depend  are  not  well  defined.  Section  2.3  will 
summarize  correlations  between  analysis  results  and  test/fleld  results  as 
experienced  by  respondees. 

In  those  cases  where  larger  corporations  have  established  data  banks 
for  component  parts  and  assemblies  of  similar  types  of  equipment,  failure 
rates  from  Internal  data  banks  are  being  used  for  reliability  predictions. 
Estimates  of  reliability  have  been  found  useful  for:  allocating  spares 
requirements;  evaluating  relative  merits  of  design  proposals  and 
performing  tradeoffs;  establishing  malntenance/lnspectlon/replacement 
Intervals;  and  determining  If  numerical  requirements  can  be  met,  If  and 
where  Improvements  are  necessary  and  If  goals  are  attainable. 

In  conclusion,  predictions  can  be  effectively  applied  to  nonelec¬ 
tronic  programs  If  corporate  field  data  Is  available,  predictions  are 
based  on  similar  types  of  equipment  and  If  performed  In  conjuctlon  with  a 
stress  analysis. 

MIl-STD-756  was  generally  thought  to  be  unacceptable  for 
nonelectronic  designs.  It  appears  that  nonelectronic  designs  are  more 
sensitive  to  operation  and  maintenance  error  than  is  the  case  for 
electronic  equipment.  Responses  displayed  considerable  emphasis  on  the 
human  element  as  one  of  the  chief  prediction  problems  for  nonelectronic 
designs.  MIL-STD-756  does  not  provide  for  these  concerns. 

2.2  DEVELOPMENT  TESTING 

In  some  cases  respondees  reported  Internal  procedures  having  been 
developed  for  mission  requirements  Including  equipment  performance  with 
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environmental  profiles  and  the  consideration  of  operational  environment. 
Many  respondees  rely  on  Test,  Analyze  And  Fix  (TAAF)  growth  testing  with 
test  results  used  to  Initiate  corrective  actions.  It  Is  felt  by  many 
that  qualification  testing,  although  too  late  In  the  development  program 
cycle  for  reliability  Inputs,  Is  In  fact  needed  to  monitor  reliability 
growth. 

Respondees  expressed  the  opinion  that  test  engineers  need  to  have 
the  freedom  to  tailor  test  procedures  to  the  particular  characteristics 
of  each  equipment,  but  not  so  much  that  test  results  can  be  altered  by 
Inconsistent  methods  such  as  the  determination  of  "relevant"  and 
"non-rel event"  failures  as  used  In  MIL-STD-781.  Such  practices  may 
enable  unsatisfactory  equipment  to  pass  test  requirements. 

MIL-STD-781  for  the  most 'part  Is  not  appropriate  to  nonelectronic 


designs. 

A  summary  of  response  on  the  subject  Is  as  follows: 

Number  of 

Response 

responses 

0 

MIL-STD-781  applicable  In  Its  present  form 

11 

0 

Applicable  but  Improvements  needed  for  nonelectronic 

equipment 

10 

0 

Not  applicable  to  nonelectronic  equipment  and  new 

procedures  are  required 

34 

It  Is  generally  felt  that  new  procedures  should  Include  normal  and 
Welbull  distributions  and  addod  test  levels  for  nonelectronic  equipment 
where  the  dominant  cause  of  failure  Is  wear  out  due  to  fatigue,  abrasion, 
material  corrosion  or  other  time  related  factors. 


Some  of  the  respondees  are  of  the  opinion  that  reliability  tests  are 
not  useful  for  estimating  time-dependent  failure  rates  because  of  the 
extremely  long  elapsed  time  necessary  to  have  an  acceptable  level  of 
statistical  significance.  Life  tests  are  expensive  for  nonelectronic 
equipment  because  the  equipment  can  not  sit  on  a  burn-in  rack  but  must  be 
mechanically  exercised.  The  multi-modal  characteristics  of  nonelectronic 
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equipment  and  the  resulting  expense  for  tests  cause  many  respondees  to 
believe  that  reliability  demonstration  test  data  does  not  provide 
sufficient  evidence  of  reliability  growth. 

Accelerated  testing  Is  not  used  by  many  respondees  because  results 
can  not  correlate  the  stress  of  the  test  with  levels  of  accelerated 
life.  Also,  an  accelerated  test  tends  to  cause  failures  that  would  never 
occur  In  normal  service.  Some  respondees  Indicated  that  accelerated 
testing  Is  used  only  when  normal  usage  and/or  testing  falls  to 
precipitate  failures.  No  detailed  accelerated  testing  procedures  could 
be  detected  although  the  following  methods  are  used  to  detect  age 
sensitive  materials  and  other  potential  problems.  Testing  techniques  are 
not  necessarily  designed  to  provide  failure  rate  data  for  predictions  or 
to  use  for  qualification. 

o  salt  spr«y 

o  fatigue  life  (endurance)  determination 

o  temperature  extremes 
o  overload 

o  overspeed 

o  overtorque 

o  extended  limits 

o  Increased  cycle  rate  tests 

o  step-stress  test  to  failure 

o  vibration 

Accelerated  testing  Is  being  used  successfully  by  some  when  physical 
wear  characteristics  are  a  determining  factor  for  component  life. 

Results  are  occasionally  translated  by  "K"  factors  and  used  to  predict 
component  life.  Accelerated  testing  appears  to  be  more  effective  for 
small  sample  sizes  and  at  lower  levels  of  assembly.  It  Is  most  effective 
for  those  components  subject  to  wear  out.  Mapy  respondees  are  of  the 
opinion  that  accelerated  testing  has  great  potential  as  a  method  to 
achieve  the  following: 


o  Detection  of  dominant  failure  modes  early  In  the  development 
program  for  corrective  action 

o  Shorter  qualification  test  time,  thereby  lowering  the  cost  of 
reliability  testing 

o  Meaningful  and  effective  tests  established  for  equipments  which 
under  nominal  conditions  have  an  extremely  long  life 

Several  respondees  stated  that  accelerated  tests  can  be  highly 
effective  where  applicable;  those  equipments  where  the  effects  of 
accelerated  factors  such  as  Increased  load,  stress  or  temperature  are 
well  known  and  reflect  failure  conditions  and  wear  out  characteristics 
experienced  In  service  operation. 

2.3  RELIABILITY  PREDICTION,  TEST  AND  FIELD  RESULTS 

Table  3  represents  the  degree  of  success  In  quantitatively 
determining  field  reliability  from  results  of  analyses  and  testing. 
Appropriate  comments  from  respondees  which  express  actual  experiences  are 
Included. 

Table  3  Indicates  that  the  degree  of  correlation  between  analysis, 
test  and  field  results  depends  upon  the  data  base  available,  realism  of 
the  tests  being  conducted,  maturity  of  the  system  In  the  field,  and 
quality  of  field  service  reports.  Respondees  Indicated  that 
modifications  are  required  to  environmental  test  methods  to  make  them 
more  realistic  In  terms  of  actual  operation.  Operational  conditions  for 
the  equipment  need  to  be  better  defined  and  Incorporated  Into  reliability 
programs.  In  many  Instances,  according  to  respondees,  environmental 
factors  neglected  or  poorly  defined  In  the  design  and  development  stages 
of  programs  are  a  major  cause  of  equipment  trouble  In  field  use. 
Temperature,  vibration,  contaminants  and  shock  were  cited  as  examples  of 
the  shortcomings.  Also  expressed  was  the  need  to  expand  the  use  and 
scope  of  combined  environment  reliability  test  (CERT)  procedures  to 
ensure  that  the  combined  effects  of  many  environmental  stresses  acting  at 
once  are  not  overlooked. 
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TABLE  3.  CORRELATION  OF  PREDICTION  AND  TEST  RESULTS  AND 

FIELD  PERFORMANCE 


Number  of 

Observation  observations 

o  Close  correlation  between  analysis  and  test  results  8 

-  If  predictions  are  updated 

-  sufficiently  good  to  aid  In  locating  design, 
quality  and  maintenance  problems 

-  for  mature  systems 

o  Close  correlation  between  analysis  results  and  field 

performance  12 

-  actual  experience  data  In  coraerclal  airplane 
business  can  be  used 

-  If  reliability  Is  evaluated  under  correct  field 
conditions 

*  FRAP  program  predictions  have  matched  fleet 
performance  of  sampled  equipment 

o  Close  correlation  between  test  results  and  field 

performance  9 

-  If  stresses  and  cycles  are  accurately  defined 

-  If  all  lab  failures  (relevant  and  non-relevant) 
are  counted 

>  sufficiently  good  to  aid  In  locating  design,  quality 
and  maintenance  problems 

o  Projected  reliability  optimistic  In  comparison  to  test 

results  5 

-  optimistic  by  2:1 

o  Analysis  results  optimistic  In  comparison  to  field 

performance  IS 

-  optimistic  by  2-5:1 

-  field  problems  caused  by  Inadequate  training  of 
operator  and  maintenance  personnel 

-  human  error 

-  predictions  don't  Include  workmanship  or  design 
deficiencies 


TABLE  3.  (Continued)  CORRELATION  OF  PREDICTION  AND  TEST  RESULTS  AND 

FIELD  PERFORHANCE 


Observation 


Number  of 
observations 


o  Analysis  results  conservative  with  respect  to  field 

performance  6 

-  after  3  years  of  aggressive  reliability  growth 
analytical  results  are  exceeded  In  service  by  20-50* 

-  specified  environments  are  not  Indicative  of  actual 
field  usage 

o  Field  performance  better  than  projected  from  test  results  1 

o  Test  results  optimistic  In  comparison  to  field  performance  5 

-  optimistic  by  1. 5-4:1 

-  tests  provide  an  optimistic  assessment  of 
operational  experiences 

o  Poor  correlation  between  analysis  and  test  results  4 

o  Poor  correlation  between  analysis  results  and  field 

performance  10 

-  prediction  results  usually  discarded  because 
methods  for  reliability  analysis  are  poor 

-  analysis  results  Inaccurate  due  to  lack  of 
meaningful  data  base 

-  unpredicted  failure  modes  or  nonrecognition  of 
dependence 

-  questionable  prediction  techniques 

-  qualitative  aspects  of  prediction  may  be  more  useful 

-  reliability  predictions  seldom  account  for 
In-service  exposure  to  accidental  environment 
severity 

-  poor  field  data  for  comparison 

-  due  to  sparse  data  In  meager  or  nonexistent  data 
banks,  predictions  are  useless 

o  Poor  correlation  between  test  results  and  field 

performance  4 

-  testing  Is  hardware  oriented  whereas  field 
performance  Is  Influenced  by  personnel  training, 
support  equipment,  etc, 

-  test  environment  failed  to  simulate  certain  field 
conditions 

-  lab  tests  are  worst  case  and  field  use  reflects 
Inadequate  training 

-  definitions  of  failure  not  consistent 


•  .“.m-  ■  >:  - 
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2.4  SCREENING  REQUIREMENTS 


A  review  of  the  response  to  this  subject  question  Indicates  that 
methods  to  screen  nonelectronic  equipments  are  as  varied  as  the 
nonelectronic  designs  themselves.  The  following  list  of  screening 
requirements  Is  based  on  a  priority  basis  and  only  one  task  Is  allotted 
per  response.  For  example.  If  the  respondee  Indicated  that  MIL-STD-781 
testing  and  a  run-in  test  on  each  equipment  were  both  performed  at  his 
facility,  only  the  run-in  test  Is  recorded  as  the  preferable  method. 

Screening  requirement  Number  of  responses 


o  Product  stress  screening  3 
o  Run-In  test  7 
o  MIL-STD-781  test  ’ 
o  Sampling  qualification  test  13 
o  First  article  test  1 
o  Failure  data  collection  and  corrective  action  14 
o  General  Q.A.  provisions  37 
o  Production  Inspectloh/test  10 
o  No  response  25 
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2.5  OPERATIONAL  ENVIRONMENT/DUTY  CYCLE 


Comments  from  the  survey  of  reliability  programs  for  nonelectronic 
designs  Indicate  that  the  same  profiles  are  used  for  analyzing  and 
testing  nonelectronic  designs  as  used  for  electronic  designs.  Most 
respondees  (28)  derive  a  best  estimate  of  actual  operational  environment 
and  duty  cycle  while  only  a  few  (7)  develop  special  operational  and 
environmental  profiles  for  the  mechanical  portions  of  electronic 
equipment.  Twenty-nine  percent  of  the  respondees  either  do  not  develop 
operational  profiles  (21)  or  use  the  profile  as  specified  In  the  contract 
(11). 


2.6  RELIABILITY  PROGRAM  TASKS/COSTS 

The  approach  taken  to  assigning  and  monitoring  reliability  tasks  for 
nonelectronic  designs  appears  to  be  no  different  than  for  electronic 
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designs.  Most  reliability  programs  are  established  by  contract  or  upon 
approval  of  a  reliability  program  by  corporate  management.  In  some 
cases,  tasks  are  assigned  on  a  program-by-program  basis  with  costs 
proportional  to  complexity  of  the  analytical  job,  test  procedure  or  other 
anticipated  work  load.  Of  the  72  responses  to  this  question,  68%  stated 
this  was  normal  procedure.  Detailed  cost  data  Is  difficult  to  obtain  and 
respondees  provided  no  actual  costs  to  perform  the  various  reliability 
tasks. 

Another  management  approach  Is  to  Include  reliability  engineering 
tasks  as  an  Integral  part  of  the  design  effort  and  engineering  budget. 
Reliability  related  tasks  require  about  10%  of  the  total  engineering 
budget  for  equipment  critical  to  mission  success  and  correspondingly  less 
for  nonessantlal  equipment.  Nineteen  percent  of  those  responding  to  this 
particular  question  staced  .hat  their  facilities  subscribe  to  this 
Integrated  management  appr^ch. 

The  third  group  of  respondees  stated  that  money  for  reliability  Is 
appropriated  only  when  there  Is  pressure  from  a  higher  authority  or  when 
there  are  so  many  problems  that  money  must  be  spent  for  reliability 
engineering  tasks.  Eight  percent  of  those  responding  to  this  question 
Indicated  that  such  a  condition  exists  at  their  facility. 

In  summary,  no  unique  methods  for  assigning  program  tasks  for 
nonelectronic  designs  could  be  detected. 

2.7  PARTS/STANDARDIZATION  PRACTICES 

Information  obtained  from  the  survey  on  tills  Important  question  was 
limited.  Only  twenty-seven  facilities  Indicated  that  Internal  standard 
parts  catalogues  or  other  programs  for  parts  control  are  In  existence. 
Three  respondees  Indicated  that  HIL-STD-965  was  being  used. 
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As  a  result  of  the  survey  on  reliability  programs  for  nonelectronic 
designs,  the  following  conclusions  were  derived.  These  conclusions  were 
used  toward  development  of  the  recommended  reliability  tasks  contained  In 
Volume  2  of  this  report.  They  have  also  been  used  to  formulate 
recommendations  for  Improving  the  effectiveness  of  reliability  standards 
and  procedures. 


o  During  the  conceptual  design  phase  It  Is  desirable  to  conduct 
reliability  evaluation  tests  on  critical  nonelectronic 
components  as  Identified  by  the  FMECA.  Details  of  testing 
time,  occurrence  of  wear,  noise,  etc.  should  be  recorded. 

o  Care  must  be  exercised  In  applying  MIL-STD-781  to  nonelectronic 
designs.  Qualification  tests  m«y  be  completed  prior  to 
detection  of  time  dependent  failure  mechanisms. 

o  For  development  programs  of  one*of -a-kl nd  systems,  the 
contractor  will  have  to  test  components  whenever  possible 
during  the  development  phase  as  components  become  available. 

The  FMECA  can  dictate  critical  failure  modes  requiring  test. 

o  The  procuring  activity  can  not  always  dictate  the  testing 

program.  The  contractor  must  estimate  the  total  test  hours  for 
each  component  or  assembly  In  his  test  plan  based  on  past 
experience,  Identified  critical  failure  modes,  availability  of 
components  and  parts  and  data  requirements  to  evaluate 
reliability. 

o  Testing  procedures  for  nonelectronic  equipment  must  be  designed 
to  evaluate  potential  failure  modes.  Wear  rate  and  other  time 
dependent  failure  mechanisms  must  be  examined  In  any  endurance 
test  regardless  of  the  design  phase. 

o  Fatigue  tests  should  be  specified  In  the  contractor's  test  plan 
for  all  parts  subject  to  bending  or  twisting  forces.  Fatigue 
tests  are  destructive  but  can  be  performed  at  the  part  level. 

o  Reliability  predictions  are  not  generally  applicable  to 

nonelectronic  designs  unless  based  on  detailed  stress  analysis 
or  similar  equipment  operated  under  a  similar  environment.  The 
FMECA  Is  the  more  cost  effective  approach  for  nonelectronic 
designs.  Reliability  predictions  should  not  be  Imposed  In  a 
contract  for  nonelectronic  designs  without  an  FMECA. 
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o  Procedures  contained  In  MIL-STD-781  are  not  generally  used  for 
!  nonelectronic  equipment,  Informal  TAAF  programs  are  generally 

I  relied  upon  with  emphasis  on  reliability  growth  rather  than  a 

precise  measure  of  reliability.  Qualification  testing  may  not 
j  be  cost  effective  for  nonelectronic  equipment.  TAAF  combined 

!  with  results  from  engineering  development  tests  maty  provide  a 

better  Indication  of  reliability. 

o  Bayesian  techniques  are  used  to  determine  test  times  when  only 
|  small  sample  sizes  are  available. 

o  Operational  environment  Is  much  more  critical  In  the  analysis 
and  testing  of  nonelectronic  equipment  than  for  electronic 
equipment  because  of  the  more  direct  Interface  with  operator 
and  environment.  Equipment  definitions  In  the  analytical 
process  must  be  very  precise  and  test  plans  for  nonelectronic 
equipment  must  reflect  this  sensitivity.  Human  factors 
reliability  must  be  Included  as  part  of  the  nonelectronic 
reliability  program. 

i  o  Unique  designs,  of  nonelectronic  equipment  prevent  typical 

run-in  times.  ESS  for  production  must  be  determined  from 
(  development  tests  and  FMECA  results. 

o  Very  little  data  has  been  accumulated  on  the  application  of 
CERT  to  nonelectronic  equipment.  Costs  of  extended  test  times 
to  detect  wear  out  plus  the  large  size  of  some  equipments 
requires  such  tests  to  be  performed  at  the  component  or  part 
level. 

o  Standard  derating  procedures  are  not  available  for 

nonelectronic  designs.  The  request  for  proposal  should  require 
a  discussion  of  derating  criteria  In  conjunction  with 
requirements  for  a  prediction  analysis. 
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4.  RECOMMENDATIONS 


The  purpose  of  the  survey  on  reliability  programs  for  nonelectronic 
designs  was  to  determine  the  adequacy  and  cost  effectiveness  of  applying 
current  reliability  standards  to  nonelectronic  designs.  Although  many 
portions  of  current  reliability  tasks  and  procedures  as  contained  In 
MIL-STD-785,  MIL-STD-1629,  MIL-STD-781  and  other  documents  can  apparently 
be  used  effectively  on  nonelectronic  designs  as  well  as  electronic 
designs,  for  which  they  were  specifically  written,  the  concensus  of  the 
respondees  to  the  questionnaire  Is  that  sufficient  differences  exist  to 
justify  the  development  of  new  procedures  for  nonelectronic  designs. 
Design  review  practices,  analytical  techniques  and  testing  practices 
would  be  more  effective  If  documented  to  accommodate  the  unique 
characteristics  of  nonelectronic  equipment.  The  procedures  could  be 
Included  as  part  of  existing  standards  and  handbooks  or  as  self  contained 
documents. 

Information  presently  exists  which  could  be  made  available  to  a 
designer  or  analyst  for  determining  the  reliability  of  a  nonelectronic 
design  but  the  Information  Is  widely  scattered  and  there  exists  a 
definite  lack  of  standardization  In  the  application  of  reliability 
program  tasks  and  procedures  for  nonelectronic  reliability.  A  Handbook 
of  Prediction  Methods  for  Nonelectronic  Designs  Is  Required  which 
contains  charts,  sketches,  graphs  and  application  examples  for  predicting 
the  reliability  of  Impacting  devices,  sliding-crank  mechanisms, 
actuators,  and  other  nonelectronic  components.  Descriptions  of  the 
components  for  standardization  purposes  and  common  failure  modes  for  the 
standard  nonelectronic  components  need  to  be  compiled  and  Included  In  the 
Handbook.  The  recommended  Handbook  would  contain  sections  on  applying 
In-house  data  and  considering  new  technology  for  reliability  analyses. 

The  Handbook  should  contain  reliability  prediction  methods  for 
nonelectronic  equipment  slmlllar  to  the  methods  In  MIL-HDBK-217  with 
predictions  based  on  the  rate  of  occurrence  for  each  component  failure 
mode.  Volume  2  of  this  report  describes  the  relationship  between  FMECA, 
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stress  analysis  and  prediction  procedures  and  provides  guidelines  for 
identifying  failure  modes  and  predicting  their  rate  of  occurrence. 
Sufficient  Information  Is  available  In  technical  reports  and  data  banks 
to  expand  these  guidelines  and  develop  a  prediction  methodology  for 
nonelectronic  designs. 

Procedures  for  performing  a  FMECA,  reliability  prediction  and  stress 
analysis  should  be  prepared  specifically  directed  to  nonelectronic 
designs  consistent  with  engineering  terms,  physics  of  failure  and  common 
failure  modes  and  Included  In  the  recommended  Handbook  of  Prediction 
Methods  for  Nonelectronic  Designs.  Easy  to  apply  stress  analysis  and 
prediction  methods  should  be  prepared  as  a  part  of  a  combined  FMECA, 
prediction  and  stress  analysis  procedure  which  would  establish  the  basic 
ground  rules  for  nonelectronic  reliability  analysis  tasks.  Volume  2  of 
this  report  contains  guidelines  for  performing  reliability  tasks  which 
were  derived  from  results  of  the  survey.  These  guidelines  should  now  be 
prepared  In  MIL-HDBK  format  with  examples  of  the  application  of  the 
procedures  for  specific  nonelectronic  designs.  The  completed  procedures 
to  be  used  by  designers  of  nonelectronic  equipment  and  reliability 
analysts  would  promote  standard  terminology  for  nonelectronic  parts  and 
devices,  avoid  the  present  duplication  of  reliability  engineering 
procedures  and  Increase  the  cost  effectiveness  of  reliability  tasks  for 
nonelectronic  designs. 

Results  of  the  survey  on  reliability  programs  for  nonelectronic 
designs  Indicate  that  MIL-STD-781  is  applicable  to  electronic  systems 
which  contain  relatively  few  nonelectronic  components.  However,  for 
nonelectronic  systems  and  nonelectronic  components  new  testing  procedures 
are  required.  New  test  methods  for  moving  parts  need  to  be  developed  and 
Incorporated  Into  a  Handbook.  The  Handbook  of  Testing  Procedures  for 
Nonelectronic  Equipment  should  contain  sections  on  utilizing  analysis 
results  for  designing  test  procedures  and  using  Bayesian  statistical 
techniques  to  minimize  testing  time.  Qualification  testing  Is  not  always 
possible  for  nonelectronic  equipment  from  a  statistical  standpoint  and 
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Instructions  need  to  be  Incorporated  In  the  Handbook  on  using  TAAF 
program  results  to  qualify  a  nonelectronic  design. 


Several  respondees  of  the  questionnaire  Indicated  an  application 
problem  with  the  differences  between  the  requirements  contained  In 
reliability  standards  and  those  contained  In  supporting  Data  Item 
Descriptions  (DIDs).  DIDs  have  been  prepared  for  so  many  particular 
equipments  and  applications  that  significant  discrepancies  now  exist  In 
relation  to  applicable  standards.  A  joint  Industry/Government  committee 


should  compile  recommended  changes  to  standards  and  DIDs. 
be  deleted  or  their  requirements  combined. 


Many  DID 1 s  can 


APPENDIX  A 

QUESTIONNAIRE  ON  RELIABILITY  PROGRAMS  FOR  NONELECTRONIC  DESIGNS 


Check  those  blocks  that  Indicate  the  categories  of  equipment  for  which  you 
are  responsible  or  In  which  you  have  significant  experience,  relative  to 
design  and  reliability  programs.  Nonelectronic  equipments  to  which  the 
responses  herein  apply  Include: 

I”1  A.  nonelectronic  portions  of  military  electronic  systems; 

Pi  B.  totally  nonelectronic  systems  designed  to  military  standards,  and/or 

Pi  C.  totally  nonelectronic  systems  designed  to  Industry  standards. 

1.  With  what  types  of  nonelectronic  systems/equipment  are  you  associated? 
(Please  be  as  specific  as  possible). 

Systems: _ 


Components: 


2.  What  Is  your  function  most  closely  associated  with  reliability  programs? 


P  Engineering  Management 
|_  Product  Design 
P  Reliability  Engineering 
i  Maintainability  Engineering 
P  Analysis 
|_  Testing 
|_  Evaluation 

3.  Which  of  the  following  categories 
of  endeavor? 


Field  Engineering 
Marketing 

Program  Management 
Quality  Control /Assurance 
Test  Engineering 
Standards 
Other  _ 


most  accurately  describes  your  field 


I  I  Manufacturing 
Pi  Independent  testing  laboratory 

H  Government  (Development  Procurement!  I  Production  Procurement^! 

ManagementP!  SupportPI  UserPI  TTesearchl  |  TAE|  |) 

“I  Military  (AvIatlonPI  Hand  PI  TealJ  SubSea  PI  Space  I  I) 

I  Corporate  Research  and  Development  " 

1  Design  Engineering 
~l  Software  Development 
i  Other 
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4.  Is  MIL-STD-785  used  In  development  programs  for  nonelectronic  equipment 
at  your  facility  when  not  specifically  called  out  In  military  contracts? 

I  ] Yes  riNo  Revision _  Do  you  utilize  industrial  requirements 

similar  to  MIL-STD-785  for  development  programs?  PlYes  PlNo  (If  yes, 
list  by  reference  number,  title,  and  brief  description) 

Comments:  _ 


5.  How  are  reliability  requirements  and  goals  specified  for  your 
development  programs?  {Check  all  that  apply) 

H  System  level  failure  rates 
I  Probability  of  mission  accomplishment 
“I  Safety 
“I  Other 

6.  Which  factors  are  Included  In  the  derivation  of  reliability  requirements 
and  goals?  (Check  all  that  apply) 

P  Operational  environment 

|_  Type  of  performance  or  acceptance  testing  to  be  satisfied 
P  Maintainability  requirements 

P  Factors  dictated  by  reliability  prediction  methods  to  be  used 
j_  Development  budgets  allocated  to  reliability 

I  Production  processes 

P  Cost  restraints 

P  Other  _  _ 


Comments: 


7.  How  are  reliability  program  requirements  Incorporated  In  the  design 
phase  of  your  development  program?  (Check  all  that  apply) 

P  As  a  separate  discipline  monitoring  the  design  engineers'  efforts 
|__  Integrated  with  manl taxability  design 
|_  As  an  Integral  part  of  the  design  team  effort 
I  By  contractual  requirement 

P  As  a  result  of  design  analysis 

P  Integrated  with  system  level  goals 

P  Other  _  _ 


Comments: 


6.  Reliability  values  are  apportioned  to  the: 

“  System  level  (aircraft,  radar,  etc.) 

_  Equipment  level  (communications  receiver,  computer,  etc.) 
_  Unit  (hydraulic  actuator,  motor,  etc.) 

_  Component  (seals,  shafts,  linkage,  etc.) 

Comments: 


9.  What  method  Is  used  at  your  facility  to  ensure  that  requirements  are 
met?  (Check  all  that  apply) 

|~|  Must  meet  specific  numerical  requirements  or  Is  not  accepted 
I  I  Penalty  for  reduced  reliability  (Lower  price  or  loss  of  fee) 


H  Incentives  (Added  fee  or  other  compensation  for  exceeding  stated 
“  reliability  requirements) 

M  Qualification  Tests 
□  Reliability  Growth  monitoring 

Comments: 


10.  Does  your  reliability  program  distinguish  between  reliability  as  1t_ 
affects  the  mission  and  as  It  affects  logistics  support?  I  lYes  |  | No 
What  analytical  methods/ techniques  or  models  are  used?  “ 

Comments: 


11.  In  your  opinion,  Is  MIl-STD-785  applicable  ^development  programs 
Involving  nonelectronic  equipment?  PlYes  PlNo,  Can  its  application 
be  cost  effective  In  establishing  a  reliability  program  for 
nonelectronic  equipment?  PlYes  PlNo.  (Check  all  that  apply) 


Comments : 


12.  What  Is  your  opinion  as  to  the  cost  effectiveness  of  applying  the 

following  methods  for  nonelectronic  design  analysis?  Please  comment  In 
terms  of  system  and  component  levels,  specific  types  of  equipment,  etc. 

FMEA _ 


Reliability  Prediction 


Stress  Analysis 


Qualification  Testing  Analysis 


13.  Please  list  the  Industrial,  governmental  or  Internal  procedures  or 
methods  which  your  facility  actually  uses  for  reliability  analysis  of 
nonelectronic  designs. 

~  MIL-STD-756 
~  MIL-STD-1629 
~  ARP  926 

”  Nonelectronic  Reliability  Notebook 
~  Assumed  stress  ratios 
“  Detailed  stress  analysis 

Other  _ _ 


Comments: 


14.  Who  In  your  facility  normally  performs  reliability  analyses  of 
nonelectronic  equipment? 


Department  Analyst's  functional  title 

“  Mechanical  Design  Engineering  _ 

“  Electrical  Design  Engineering  _ 

Reliability  Design  Engineering  _ ' 

Quality  Assurance  _ 

~  Other _  _ 

15.  What  Is  the  lowest  equipment  level  at  which  you  perform  a  reliability 
analysis?  Use  A«system,  B-component,  C"part 

Reliability  prediction _ 


xi 

vl 


•Ml 

m| 


Apportionment _ 

Stress  analysis^ 

Other _ 

Comments: 
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16.  Are  the  results  of  rell ability  Analyses  actually  used  for  ar\y  of  the 
following  functions  or  activities  at  your  facility?  Please  remember 
that  this  Is  not  a  theoretical  text  book  question  and  your  response 
should  be  based  upon  your  personal  experience. 

”  design  reviews 
“  spare  parts  listings 
maintenance  plans 
design  program  decisions 
“  cost  trade-off  decisions 
test  planning 
“  reliability  growth 

”  other  _ _ 


17.  Please  comment  on  any  experience  you  may  have  regarding  the  degree  of 
correlation  between  analysis  results  and  actual  field  performance. 


18.  Do  you  perform  Failure  Mode  and  Effects  Analyses  (FMEA)  on  nonelectronic 
equipment?  PI  Yes  I  I  No  If  yes,  are  they  performed:  (Check  all 

that  apply) 

“  as  part  of  every  design/development  effort 
In  event  of  unexpected  catastrophic  failures 
only  when  reliability  Is  determined  to  be  below  contract 
requirements 

|“|  only  If  required  under  the  contract 
II  In  accordance  with  MIL-STD-1 629 
Pi  In  accordance  with  ARP  926 
i“|  In  accordance  with  other  requirements 

Comments:  _ 
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19.  Which  of  the  following  approaches  to  conducting  an  FMEA  apply  to  your 
analyses?  (Check  all  that  apply) 

“  bottom  up 
“  top  down 
~  hardware 
~  functional 
“  mission  oriented 
safety  oriented 
“  maintenance  oriented 
~  quantitative  criticality 
~  qualitative  criticality 

Comments: _ _ _ _ 


20.  Do  you  use  reliability /maintainability  predictions  as  an  input  to 
determine  any  of  the  following?  Check  one  or  more: 

|“  Life  Cycle  Costs 
1“  Acquisition  Costs 
I  Logistic  Support  Costs 

I  Development  Costs 

j“  Spares  Requirements 

21.  What  sources  of  data  do  you  use  to  predict  reliability? 


|“|  MIL-HDBK-21 7  ~  AF-66  Data 

j  j  RADC  Nonelectronic  ”  GIDEP  < 

“  Reliability  Notebook  ”  MIL-HDBK-5 

|“|  3-M  Oata  ”  Other _ 

Comments  on  application,  validity  or  usefulness  of  these  sources: 
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22.  Do  you  use  reliability  predictions  as  a  means  of  determining  whether 
design  objectives  for  nonelectronic  systems  have  been  achieved?  |“|Yes 
PINO  If  yes,  what  metbod/procedure  Is  used? 


23.  Please  comment  on  any  experience  you  may  have  regarding  the  degree  of 
correlation  between  reliability  predictions  and  test  results. 


24.  Do  you  Include  effects  of  overhaul  or  maintenance  actions  In  your 
reliability  predictions?  QYes  |~|No 

Comments:  _  ________ 


25.  Is  MIL-STD-756  a  satisfactory  tool  for  performing  reliability 
predictions  for  nonelectronic  equipment?  QYes  l“|No 

Comments: _ _ _ _ _ 


26.  What  analytical  techniques  do  you  use  to  perform  a  stress  analysis?  At 
what  equipment  level? 


27.  Do  you  use  MIL-HDBK-5  to  assess  reliability?  FlYes  flNo  Is 
MIL-HDBK-5  a  satisfactory  tool  for  determining  properties  and 
characteristics  of  materials  for  reliability  evaluation  purposes? 
l“|Yes  J”“| No  What  other  data  sources  do  you  use? 


28.  Describe  briefly  the  procedures  you  use  to  assure  adequate  safety 
margins. 

“  theoretical  stress  analysis 

“  piece  part  testing  data 

~  system  qualification  testing 

“  probabilistic  design  methods 

stress  derating 
C  other 

Description 


29.  Is  planned  reliability  growth  Included  In  your  reliability  programs? 
PI  Yes  I"!  No  How  are  growth  requirements  specified  and  measured? 


30.  How  are  test  results  Incorporated  into  your  revised  growth  projection? 


31.  What  methods  do  you  use  to  ensure  that  Inherent  design  reliability  Is 
preserved  during  production? 


32.  Do  you  have  aqy^  Internal  parts  selection  procedures  for  nonelectronic 
components?  IJYes  PI  No 

Describe: 


33.  Do  you  develop  Individual  operational  and/or  environmental  profiles 
prior  to  testing  nonelectronic  equipments?  PI  Yes  PI  No  If  yes, 

describe  procedures  used. 


34,  Do  you  use  MIL-STD-781  for  testing  nonelectronic  equipment? 

PI  Yes  |“|  No 

|“l  Revision  8 
IJ  Revision  C 

35.  Do  you  use  commercial  procedures  which  are  similar  to  MIL-STD-781  for 

testing  nonelectronic  designs?  PlYes  PlNo  If  yes,  describe  by 
number,  title  and  contents!  ™  “ 


36.  With  that  type  of  wear  out  characteristics  are  you  concerned  during 
reliability  testing? 


i 

.1 


37.  What  method  do  you  use  to  adjust  the  reliability  established  from 
laboratory  test  results  In  estimating  operational  reliability? 


38.  How  are  accept/reject  criteria  established  for  reliability  tests? 


. — - - — - — . - — - .  — i 

39.  Do  your  testing  procedures  assume  a  constant  failure  rate  distribution? 

PlYes  PlNo  If  no,  what  distribution  do  you  apply  to  testing 
procedures? 


40.  Do  you  believe  MIL-STP-781  Is  appropriate  for  testing  nonelectronic 
equipment?  l*“|Yes  f|No  If  yes,  provide  one  or  two  equipment 
examples  for  each  category  to_wh1ch  you  feel  MIL-STD-781  applies. 
Answer  based  on  |“|Rev  a,  IjRev  C,  TlBoth 

|""|  system  level _ 


|“l  component  level 


41.  Could  MIL-STD-781  be  Improved  to  make  It  more  applicable  to 

nonelectronic  equipment  testing  or  should  new  procedures  be  developed? 

I~  Improvement  Required 

1“  New  Procedures  Required 

|__  No  Improvement  or  New  Procedures  Required 

Suggestions  for  Improvements/ new  procedures:  _ 


42.  What  method(s)  do  you  use  to  determine  sample  size  and  test  time  or 
number  of  test  cycles  when  only  small  sample  sizes  are  available? 


43.  What  method  do  you  use  to  establish  risk  factors  resulting  from 
truncated  tests? 


44.  Please  comment  on  any  experience  you  may  have  regarding  the  degree  of 
correlation  between  reliability  testing  and  field  performance  results. 


45.  Indicate  the  tests  most  effective  at  your  facility  for  verifying 
nonelectronic  equipments.  (Check  all  that  apply) 

Level  of  Application 

Type  System  Component  Materials 


Vibration 

mm 

Temperature 

- 

Humidity 

Shock 

- 

- 

— 

Salt  Spray 

Step  Stress 

Constant  Stress 

Progressive  Stress 

Environmental 

Screening  Tests 

Corrosion 

Production  Processes 

46.  Please  describe  how  reliability  tests  for  nonelectronic  equipment  are 
normally  performed  at  your  facility. 

|“|  For  a  specified  period  of  time 

I  I  Until  a  predetermined  number  of  events/cycles  are  completed 
PI  Until  a  predetermined  number  of  failures  have  occurred 

II  Until  catastrophic  failure  occurs 

l“l  Recurring  until  all  major  failure  modes  are  Identified 

Comments: 


47,  Do  you  use  accelerated  testing  methods  to  determine  performance/ 
reliability?  HI  Yes  HI  No 

Procedures  used:  _  _ 


48.  How  do  you  evaluate  test  results  In  establishing  quantitative 
reliability? 


49.  How  do  you  analyze  the  validity  of  your  assumed  failure  rate 
distribution  and  Its  effects  on  test  results? 


SO.  Please  rate  the  following  Standards,  Specifications  and  Handbooks  on  the 
basis  of  effectiveness  In  achieving  and  demonstrating  reliability  for 
nonelectronic  equipment.  Check  the  appropriate  column  to  show  whether 
the  listing  Is  applicable  to  the  system  or  component  levels  or  to  both 
and  then  Its  degree  of  effectiveness. 


DOCUMENT  ID  TITLE/SUBJECT 


APPLICATION  EFFECTIVENESS 
Sys. /Comp/Both  Exc. /Good/Poor 


FE D- STD-1 51 B 
MIL-STD-105D 

MIL-STD-210D 

MIL-STD-4S4G 

MIL- STD-470 

MIL-STD-471A 

MIL-STD-721B 

MIL-STD-756A 
MIL- STD-757 


Metals:  Test  Methods 


Sampling  Procedures  and 
Tables  for  Inspection  by 
Attributes 


Climatic  Extremes  for 
Military  Equipment 


Standard  General  Require¬ 
ments  for  Electronic  Equip¬ 
ment 


Maintainability  Program 
Requirements  (for  Systems 
ana  Equipments) 


Mai ntal nabl 1 1  ty/Verl f 1 catl on 
Demonstrati on/Eval uatl on 


Definition  of  Effectiveness 
Terms  for  Reliability, 
Maintainability,  Human 
Factors  and  Safety 


Reliability  Prediction 


Reliability  Evaluation  from 
Demonstration  Data 
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DOCUMENT  ID 


TITLE/ SUBJECT 


APPLICATION  EFFECTIVENESS 
Sys./Comp/Both  Exc. /Good/Poor 


MIL-STD-781B  Reliability  Tests  Exponen¬ 
tial  Distribution 


MIL-STD-781C  Reliability  Tests  Exponen¬ 
tial  Distribution 


MIL-STD-78SB 


Reliability  Program  for 
Systems  and  Equipment 
Development  and  Production 


MIL-STD-882A  System  Safety  Program  for 
Systems  and  Equipment; 
Requirements  for; 


MIL-STD-810C  Environmental  Test  Methods 


MIL-STD-965  Parts  Control  Program 


MIL-STD-1304A(AS)  Reliability  Reports 


MIL-STD-1312  Fasteners,  Test  Methods 


MIL-STD-1378B  Requirements  for  Employing 
Standard  Hardware  Program 
Modules 


MIL-STD-1388  Logistic  Support  Analysis 


MIL-STD-1472B  Human  Engineering  Design 
Criteria  for  Military 
Systems,  Equipment  and 
Facilities 
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DOCUMENT  ID 


MIL-STD-1535A 


MIL-STD-1543 


MIL-5TD-2068(AS)  Reliability  Development  |“| - 1 — |  | — | - 1 — | 

Tests 


MIL-STD-2070 ( AS )  Procedures  for  Performing 
a  Failure  Mode,  Effects  and 
Criticality  Analysis  for 
Aeronautical  Equipment 


MIL-STD-2Q74{AS)  Failure  Classification  for  |  |  till  II 

Reliability  Testing 


TITLE/SUBJECT  APPLICATION  EFFECTIVENESS 

Sys. /Comp/ Both  Exc. /Good/Poor 


Supplier  Quality  Assurance  I _ | _ | _ |  | _ | 

Program  Requirements 


Reliability  Program  Require-  I _ | _ |  |  |  | _ |  | 

ments  for  Space  and  Missile 
Systems 


MIL-HDBK-5C  Metallic  Materials  and  |“| - 1 — |  | — | - 1 — | 

Elements  for  Aerospace 
Vehicles 


H-50 


Evaluation  of  Contractors  I _ I _ |" _ I  |  | 

Quality  °rogram 


H-Sl  Evaluation  of  Contractors  I _  | 

Inspection  System 


H-53 


Guide  for  Sampling  Inspec-  I _ I _ I  I  |  |  |  | 

tlon 


H-106  Multi-Level  Continuous 

Sampling  Procedures  and 
Tasks  for  Inspection  by 
Attributes 
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DOCUMENT  ID 

TITLE/ SUBJECT 

APPLICATION 

Sys, /Comp/Both 

H-107 

Single-Level  Continuous 
Sampling  Procedures  and 
Tables  for  Inspection  by 
Attributes 

1 — 1 - 1 — 1 

H-108 

Sampling  Procedures  and 
Tables  for  Life  and  Relia¬ 
bility  Testing  (Based  on 
Exponential  Distribution) 

H-109 

Statistical  Procedures  for 
Determining  Validity  of 
Suppliers'  Attributes 
Inspection 

1 — f - 1 — 1 

MIL-HDBK-217C 

Reliability  Prediction  of 
Electronic  Equipment 

| - 1 - 1 - 1 

MIL-HDBK-251 

Rellablllty/Deslgn,  Thermal 
Applications 

1 - 1 - 1 - 1 

MIL-HDBK-472 

Maintainability  Prediction 

1 — L — 1 —  1 

MIL-Q-9858A 

Quality  Program  Requirements 

1 — | - 1 — i 

NAT-STD-3518 

Environmental  Test  Methods 
for  Aircraft  Equipment  and 
Associated  Ground  Equipment 

I  ■  j —  j*1*1""  | 

MIL-E-5272C 

Environmental  Testing, 
Aeronautical  and  Associated 
Equipment,  General  Speci¬ 
fication  for 

1  _  j  1  |  "  | 

Human  Engineering  Require-  I  | 
merits  for  Military  Systems, 
Equipment  and  Facilities 


EFFECTIVENESS 
Exc. /Good/Poor 


MIL-H-468S5B 


DOCUMENT  ID 


TITLE/SUBJECT 


APPLICATION  EFFECTIVENESS 
Sys. /Comp/Both  Exc. /Good/Poor 


NAT-STD-4108  NATO  Inspection  and  Quality  I  I  I  I  I  I  I  I 
Control  Requirements  for 
Industry;  AQAP-1,  AQAP-4, 

AQAP-9 


MIL-P-11268K  Parts,  Mated als  and  1  I  I  |  I  I  I  I 

Processes  Used  In  Electronic 
Equipment 


MIL-R-22732C  Reliability  Requirements  for  | _ I _ I _ |  I _ I _ | _ | 

Shipboard  Electronic  Equip¬ 
ment 


MIL-T-5422F  Testing,  Environmental,  Air-  I _ I _ I _ I  I _ I _ I _ I 

craft  Electronic  Equipment 


ATSM-E6  Definitions  of  Terms  I _ I _ I _ I  I _ I _ I _ I 

Relating  to  Methods  of 
Mechanical  Testing 


ARP  926A  Fault/Fall ure  Analysis  I  I  I  I  I  I  I  I 


NAVAIR-01-1A-32  Reliability  Engineering  I _ I _ 'I _ I  I _ I _ I _ I 

Handbook  ’ 


NAVAIR-01-1A-33  Maintainability  Engineering  I _ I _ I _ I  I _ I _ I _ I 

Handbook 


RDH-376  Reliability  Design  Handbook  I _ I _ I _ I  I _ I _ I _ I 

publ 1  shed  by  the  Rel 1 abl 1 1 ty 
Analysis  Center  (I IT  Research 
Institute) 


AD/A-005-657  Nonelectronic  Reliability  I  I  1  I  I  I  P~‘l 
Notebook  (US  Dept,  of 
Commerce  for  Rome  Air 
Development  Center) 
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»? 


51.  How  are  costs  for  reliability  programs  allocated,  budgeted  and  monitored 
at  your  facility? 


52.  Have  any  of  your  government  contracts  specified  a  requirement  for 
Inclusion  of  a  reliability  centered  maintenance  (RCM)  program?  PlYes 
0No 

Example  contract? 


53.  Do  government  directives  (Data  Item  Descriptions.  Instructions,  etc.) 
add  to  the  effectiveness  of  contractual  reliability  and  maintainability 
requirements?  YesPI  NoPI 

Comments: _ _ _  _  _ _ 


54.  Is  there  a  significant  lack  of  standardization  In  the  nonelectronic 
product  world  In  application  of  terms,  specifications  or  qualified 
product  lists?  IjYes  l“lNo 

If  yes,  what  efforts  are  currently  underway  or  should  be  Initiated  to 
solve  this  problem? 


55.  Should  there  be  separate  reliability  sped fl cations/standards  for  large 
equipments  (flight  control  systems,  howitzers,  computers)  as  compared  to 
smaller,  more  easily  tested  equipments  (motors,  printers,  actuators)? 
PlYes  riNo 


Comments: 


56.  To  your  knowledge,  ere  any  of  the  engineering  professional  societies 
currently  engaged  In  a  productive  effort  to  develop  or  upgrade  standards 
or  specifications  that  will  have  an  effect  on  rellablllty/malntalnablllty 
of  nonelectronic  equipment?  l_|Yes  QNo 

If  yes,  Identify  the  society/organization  and  the  particulars  of  their 
projects. 


57.  Does  the  added  requirement  of  ruMedl ration  for  certain  military 

equipment  affect  reliability?  I  1 Yes  PINo  If  yes,  explain,  Including 
the  effect  of  ruggedlzatlon  on  size  and  weight. 


58.  Is  sufficient  Information  available  to  perform  reliability  analysis  for 
nonelectronic  design?  If  not,  do  you  think  a  Handbook  Is  possible  which 
could  provide  procedures,  guidance  and  material  Information? 


59.  Additional  comments  which  will  help  us  to  determine  the  adequacy  and 
cost  effectiveness  of  applying  current  reliability  specifications  to 
nonelectronic  equipment. 


NAME 

COMPANY/AGENCY 
HAILING  ADDRESS: 


TELEPHONE  NUMBER: 


APPENDIX  B 

NUMERICAL  SUMMARY  OF  QUESTIONNAIRE  RESPONSES 
Introduction: 

Nonelectronic  equipments  to  which  the  responses  herein  apply 
Include: 

69  (62%)  Indicated  nonelectronic  portions  of  military 
electronic  systems 

51  (46%)  Indicated  totally  nonelectronic  systems  designed  to 
military  standards 

32  (29%)  Indicated  totally  nonelectronic  systems  designed  to 
Industry  standards 
10  (  9%)  did  not  respond 

Questions: 

1.  With  what  types  of  nonelectronic  equipment  are  you  associated? 
112  responded  to  the  question  (100%). 

2.  What  Is  your  function  most  closely  associated  with  reliability 
programs? 


Engineering  Management 

26 

(23%) 

Product  Design 

6 

(  5%) 

Reliability  Engineering 

78 

(70%) 

Maintainability  Engineering 

36 

(32%) 

Analysis 

20 

(18%) 

Testl ng 

21 

(19%) 

Evaluation 

24 

(21%) 

Field  Engineering 

2 

(  2%) 

Marketl ng 

2 

(  2%) 

Program  Management 

6 

(  5%) 

Quality  Control /Assurance 

15 

(13%) 

Test  Engineering 

5 

(  4%) 

Standards 

6 

(  5%) 

Other 

7 

(  6%) 

1 
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PfKUBlNfr  MOB  num 


3. 


4a. 


4b. 


5. 


Which  of  the  following  categories  most  accurately  describes  your  field 
of  endeavor? 

Manufacturl ng 

17 

(15*) 

Independent  Testing  Laboratory 

1 

(  1*) 

Government 

SO 

(45*) 

Mil  Italy 

31 

(28*) 

Corporate  Research  and  Development 

10 

(  9*) 

Design  Engineering 

34 

(30*) 

Software  Development 

4 

(  4*) 

Other 

11 

(10*) 

Is  MIL-STD-785  used  In  development  programs  for  nonelectronic  equipment 
at  your  facility  when  not  specifically  called  out  In  military  contracts? 

Yes 

40 

(36*) 

No 

49 

(44*) 

No  response 

23 

(21*) 

Do  you  utilize  Industrial  requirements 
development  programs? 

similar  to 

MIL-STD-785  for 

Yes 

17 

(15*) 

No 

45 

(40*) 

No  response 

50 

(45*) 

How  are  reliability  requirements  and  goals  specified  for  your 
development  programs?  (Check  all  that  apply) 

System  level  failure  rates 

90 

(80*) 

Probability  of  mission  accompl 1 slment 

73 

(65*) 

Safety 

45 

(40*) 

Other 

35 

(31*) 

46 


6.  Which  factors  are  Included  In  the  derivation  of  reliability 
requirements  and  goals?  (Check  all  that  apply) 


Operational  environment 

Type  of  performance  or  acceptance 

101 

(90%) 

testing  to  be  satisfied 

66 

(59*) 

Maintainability  requirements 

Factors  dictated  by  reliability 

71 

(63*) 

methods  to  be  used 

Development  budgets  allocated  to 

40 

(36*) 

reliability 

32 

(2**) 

Production  processes 

17 

(15*) 

Cost  restraints 

35 

(31*) 

Other 

21 

(19*) 

No  response 

3 

(  3*) 

7.  How  are  reliability  program  requirements  Incorporated  In  the  design 
phase  of  your  development  program?  (Check  all  that  apply) 

As  a  separate  discipline  monitoring 


the  design  engineer's  efforts 

59 

(53*) 

Integrated  with  maintainability  design 
As  an  Integral  part  of  the  design 

45 

(40*) 

team  effort 

64 

(57*) 

By  contractual  requirement 

69 

(62*) 

As  a  result  of  design  analysis 

40 

(36t) 

Integrated  with  system  level  goals 

55 

(49*) 

Other 

10 

(  9*) 

No  response 

7 

(  6*) 

Reliability  values  are  apportioned  to  the: 

System  level 

53 

(47*) 

Equipment  level 

67 

(60*) 

Unit 

57 

(51*) 

Component 

23 

(21*) 

No  response 

9 

(  8*) 

9.  What  method  Is  used  at  your  facility  to  ensure  that  requirements  are 
met?  (Check  all  that  apply) 


Must  meet  specific  numerical  require¬ 
ments  or  Is  not  accepted 

Penalty  for  reduced  reliability  (lower 

58 

(49*) 

price  or  loss  of  fee) 

10 

(  9%) 

RIW  (Manufacturer  must  fix  It  If  It 
falls  under  warranty) 

Incentives  (Added  fee  or  other  compen¬ 

28 

(25*) 

sation  for  exceeding  stated 
reliability  requirements) 

28 

(25*) 

Qualification  tests 

78 

(70*) 

Reliability  growth  monitoring 

61 

(54*) 

No  response 

7 

(  6») 

10. 

Does  your  reliability  program  distinguish  between  reliability  as  It 
affects  the  mission  and  as  It  affects  logistics  support? 

Yes 

70 

(63*) 

No 

33 

(29*) 

No  response 

9 

(  8t) 

lla. 

In  your  opinion,  Is  MIL-STD-786  applicable  to  development  programs 
Involving  nonelectronic  equipment? 

Yes 

73 

(65*) 

No 

13 

(12*) 

No  response 

26 

(23*) 

lib. 

Can  Its  application  be  cost  effective 
program  for  nonelectronic  equipment? 

In  establishing  a  reliability 

Yes 

70 

(63*) 

No 

12 

(11*) 

No  response 

30 

(27*) 

50 


12.  What  la  your  opinion  as  to  th«  cost  effectiveness  of  applying  tha 
following  methods  for  nonelectronic  design  analysis? 


FMEA  -  Cost  effective 

87 

(78*) 

Reliability  Prediction  -  Cost  effective 

64 

(57*) 

Stress  Analysis  -  Cost  effective 
Qualification  Testing  Analysis  - 

76 

(68*) 

Cost  effective 

Accelerated  Testing  Analysis  -  Cost 

74 

(66*) 

effective 

52 

(46*) 

Reliability  Growth  -  Cost  effective 

49 

(44*) 

No  response 

6 

(  7*) 

13.  Please  list  the  Industrial,  governmental  or  Internal  procedures  or 
methods  which  your  facility  actually  uses  for  reliability  analysis  of 
nonelectronic  designs. 


M1L-STD-756 

35 

(31*) 

M1L-STD-1629 

29 

(26*) 

ARP  926 

8 

(  7*) 

Nonelectronic  Reliability  Notebook 

48 

(43*) 

Assumed  stress  ratios 

17 

(15*) 

Detailed  stress  analysis 

51 

(46*) 

Other 

35 

(31*) 

No  response 

12 

(11*) 

14.  Who  In  your  facility  normally  performs  reliability  analyses  of 
nonelectronic  equipment? 


Mechanical  Design  Engineering 

28 

(25*) 

Electrical  Design  Engineering 

5 

(  4*) 

Reliability  Design  Engineering 

67 

(60*) 

Quality  Assurance 

14 

(13*) 

Other 

18 

(16*) 

No  response 

15 

(13*) 

51 


What  Is  the  lowest  equipment  level  at  which  you  perform  a  reliability 
analysis?  Use  A  ■  system,  B  ■  component,  C  -  part 

Reliability  prediction  A 

7 

(  61) 

B 

34 

(30*) 

C 

53 

(47*) 

No  response 

5 

(  4*) 

FMEA  A 

8 

(  7*) 

B 

36 

(32%) 

C 

41 

(37*) 

No  response 

14 

(13*) 

Apportionment  A 

7 

(  6*) 

B 

52 

(46X) 

C 

18 

(16*) 

No  response 

22 

(20*) 

Stress  analysis  A 

1 

(  1*) 

B 

10 

(  9%) 

C 

68 

(61*) 

No  response 

20 

(18%) 

No  response 

13 

(12*) 

Are  the  results  of  reliability  analyses  actually  used  for  any  of  the 

following  functions  or  activities  at  your  facility? 

Please  remember 

that  this  Is  not  a  theoretical  text  book  question  and  your  response 
should  be  based  upon  your  personal  experience. 

Design  review 

89 

(79*) 

Spare  parts  listings 

51 

(46*) 

Maintenance  plans 

58 

(52*) 

Design  program  decisions 

68 

(61%) 

Cost  trade-off  decisions 

61 

(54*) 

Test  planning 

59 

(53*) 

Reliability  growth 

53 

(47*) 

Other 

20 

(18*) 

No  response 

7 

(  6*) 

17.  Please  comment  on  any  experience  you  may  have  regarding  the  degree  of 
correlation  between  analysis  results  and  actual  field  performance. 


Good 

Poor 

Conservative 


52 


31 

20 

7 


(281) 
(181) 
(  61) 


Optimistic 

No  response/not ‘applicable 


9 

45 


(  8*) 
(40*) 


18a. 

Do  you  perform  Failure  Mode  and  Effects 
equipment? 

Analyses  (FMEA) 

on  nonelectronic 

Yes 

82 

(73*) 

No 

23 

(21*) 

No  response 

7 

(  6*) 

18b. 

If  yes,  are  they  performed:  (Check  all 

as  part  of  every  design/development 

that  apply) 

effort 

in  event  of  unexpected  catastrophic 

45 

(40*) 

failures 

only  when  reliability  1*  determined  to 

24 

(21*) 

be  below  contract  requl rements 

3 

(  3*) 

In  accordance  with  MH.-STD-1629 

29 

(26*) 

In  accordance  with  ARP  926 

10 

(  9*) 

lit  accordance  with  other  requirements 

24 

(21*) 

no  response 

30 

(27*) 

19. 

Which  of  the  following  approaches  to  conducting  an  FMEA  apply  to  your 
analyses?  (Check  all  that  apply) 

bottom  up 

52 

(46*) 

top  down 

58 

(52*) 

hardware 

57 

(51*) 

functional 

70 

(63*) 

mission  oriented 

65 

(68*) 

safety  oriented 

51 

(46*) 

maintenance  oriented 

26 

(23*) 

quantitative  critically 

37 

(33*) 

qualitative  critically 

49 

(44*) 

no  response 

21 

(19*) 

53 
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20.  Do  you  use  rellablllty/malntalnablllty  predictions  as  an  Input  to 


determine  any  of  the  following?  Check  one  or  more: 

Life  Cycle  Costs 

61 

(54%) 

Acquisition  Costs 

17 

(15%) 

Logistic  Support  Costs 

65 

(58%) 

Development  Costs 

17 

(15%) 

Spares  Requirements 

76 

(68%) 

No  response 

23 

(21%) 

What  sources  of  data  do  you  use  to  predict  reliability? 

MIL-HDBK-217 

77 

(69%) 

RADC  Nonelectronic  Reliability  Notebook 

66 

(59%) 

3-M  Data 

23 

(21%) 

AF-66  Data 

17 

(15%) 

GIDEP 

49 

(44%) 

MIL-HDBK-5 

n 

(10%) 

Other 

64 

(57%) 

No  response 

6 

(  5%) 

Do  you  use  reliability  predictions  as  a  means  of  determining  whether 
design  objectives  for  nonelectronic  systems  have  been  achieved? 

Yes 

54 

(48%) 

No 

44 

(39%) 

No  response 

14 

(13%) 

Please  comment  on  any  experience  you  may  have  regarding  the  degree  of 
correlation  between  reliability  predictions  and  test  results. 

Good 

8 

(  7%) 

Poor 

3 

(  3%) 

Conservative 

24 

(21%) 

Optimistic 

24 

(21%) 

No  response 

53 

(47%) 

54 


24. 

Do  you  Include  effects  of  overhaul  or  maintenance  actions  In  your 
reliability  predictions? 

Yes 

50 

(45*) 

No 

46 

(41*) 

No  response 

16 

(14t) 

25. 

Is  MIL- STD-7 56  a  satisfactory  tool  for  performing  reliability 
predictions  for  nonelectronic  equipment? 

Yes 

31 

(28*) 

No 

40 

(36*) 

No  response 

41 

(37*) 

26. 

What  analytical  techniques  do  you  use  to 

perform  a  stress  analysis? 

MIL-STD-217  procedures 

4 

(  4*) 

Probabilistic  Stress/Strength 
Conventional  Engineering/Mechanical 

7 

(  6*) 

Stress/Strength 

18 

(16*) 

Computer  Aided 

5 

(  4*) 

KASTRAN/FInlte  Element 

10 

(  9*) 

No  response/not  applicable 

68 

(61*) 

27a. 

Do  you  use  MIL-HDBK-5  to  assess  reliability? 

Yes 

11 

(10*) 

No 

25 

(22*) 

No  response 

76 

(68*) 

27b.  Is  MIL-HDBK-S  a  satisfactory  tool  for  determining  properties  and 
characteristics  of  materials  for  reliability  evaluation  purposes? 

(12*) 
(13*) 
(76*) 


Yes 

No 

No  response 


13 

14 
85 


28.  Describe  briefly  the  procedures  you  use  to  assure  adequate  safety 
margins. 


theoretical  stress  analysis 

56 

(50%) 

piece  part  testing  data 

43 

(38%) 

system  qualification  testing 

55 

(49%) 

probabilistic  design  methods 

32 

(29%) 

stress  derating 

69 

(62%) 

other 

15 

(13%) 

no  response 

20 

(18%) 

Is  planned  reliability  growth  Included  In  your  reliability  programs? 


Yes 

58 

(52%) 

No 

38 

(34%) 

No  response 

16 

(14%) 

How  are  test  results  Incorporated  Into  your  revised  growth  projection? 


Update  old  growth  projection 

17 

(15%) 

Corrective  actlon/TAAF 

5 

(  4%) 

Graphically  tailored  In  each  case 

5 

(  4%) 

Duane  plot 

6 

(  5%) 

Not  performed 

7 

(  6%) 

No  response 

72 

(64%) 

31.  What  methods  do  you  use  to  ensure  that  Inherent  design  reliability  Is 
preserved  during  production? 


None 

3 

(  3%) 

Basic  quality  control  methods 

50 

(45%) 

Sample  testing 

37 

(33%) 

Process  inspection 

19 

(17%) 

No  response/not  applicable 

24 

(21%) 

32. 

Do  you  have  any  Internal  parts  selection  procedures  for  nonelectronic 
components? 

Yes 

56 

(50*) 

No 

30 

(27*) 

No  response 

26 

(23%) 

33. 

Do  you  develop  Individual  operational  and/or  environmental  profiles 
prior  to  testing  nonelectronic  equipments? 

Yes 

70 

(63*) 

No 

26 

(23*) 

No  response 

16 

(14*) 

34. 

Do  you  use  MIL-STD-781 

for  testing  nonelectronic 

equipment? 

Yes 

43 

(38*) 

No 

48 

(43*) 

No  response 

21 

(19*) 

35. 

Do  you  use  commercial  procedures  which  are  slmll 
testing  nonelectronic  designs? 

ar  to  MIL-STD-781  for 

Yes 

11 

(10*) 

No 

62 

(55*) 

No  response 

39 

(35*) 

36. 

With  what  type  of  wear  out  characteristics  are  you  concerned  during 
reliability  testing? 

Fatigue 

31 

(28*) 

Corrosion 

12 

(11*) 

Lubrication  breakdown, 

contamination 

and  leakage 

14 

(13*) 

Out  of  specified  limits  5 

(  4*) 

Abrasion/Wear 

7 

(  6*) 

Storage 

4 

(  4*) 

None 

8 

(  7*) 

No  response 

51 

(46*) 

57 
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40. 


What  method  do  you  use  to  adjust  the  reliability  established  from 
laboratory  test  results  In  estimating  operational  reliability? 


Derating  factors 

23 

(21%) 

Judgement/past  experience 

11 

(10%) 

Not  performed 

20 

(18%) 

No  response 

61 

(54%) 

How  are  accept/reject  criteria  established  for  reliability  tests? 

Contractually  specified 

16 

(14%) 

Past  experience 

10 

(  9%) 

MIL-STD-781  procedures 

23 

(21%) 

Tailored  for  each  program 

21 

(19%) 

No  response/not  applicable 

42 

(38%) 

Do  your  testing  procedures  assume  a  constant  failure  rate  distribution? 

Yes 

67 

(60%) 

No 

23 

(21%) 

No  response 

22 

(19%) 

Do  you  believe  MIL-STD-781  is  appropriate  for  testing  nonelectronic 
equipment? 

Yes 

21 

(19%) 

No 

44 

(39%) 

No  response 

47 

(42%) 

Could  MIL-STD-781  be  Improved  to  make  It  more  applicable  to 
nonelectronic  equipment  testing  or  should  new  procedures  be  developed? 

Improvement  Required 

24 

(21%) 

New  Procedures  Required 

No  Improvement  or  New  Procedures 

43 

(38%) 

Required 

5 

(  4%) 

No  response 

49 

(44%) 

58 


What  method(s)  do  you  use  to  determine 

sample  size 

and  test  time 

number  of  test  cycles  when  only  small 

sample  sizes 

are  available? 

Economic  considerations 

26 

(26*) 

Contract  requirements 

10 

(  9*) 

MIL-STD-781  procedures 

S 

(  4*) 

Statistical  (Bj0,  Chi-square, 

Poisson,  etc.) 

18 

(16*) 

Bqyeslan  techniques 

3 

(  3*) 

No  response/not  applicable 

49 

(44*) 

43.  What  method  do  you  use  to  establish  risk  factors  resulting  from 
truncated  tests? 


General  statistical  techniques 
MIL-STD-781  procedures 
Engineering  judgement 
Not  performed 

No  response/not  applicable 


(15*) 
(  6*) 
(  5*) 
(  4*) 
(69*) 


44.  Please  comment  on  any  experience  you  may  have  regarding  the  degree  of 
correlation  between  reliability  testing  and  field  performance  results. 


Good 

22 

(20*) 

Poor 

14 

(13*) 

Conservative 

5 

(  4*) 

Optimistic 

4 

(  4*) 

No  response/not  applicable 

67 

(60*) 

Indicate  the  tests  most  effective  at  your  facility  for  verifying 
nonelectronic  equipments.  (Check  all  that  apply) 


Vibration 

81 

(72*) 

Temperature 

80 

(71*) 

Humidity 

62 

(55*) 

Shock 

68 

(61*) 

Salt  Spray 

43 

(38*) 

Step  Stress 

21 

(19*) 

Constant  Stress 

25 

(22*) 

47. 


48. 


Progressive  Stress  20  (18*) 

Environmental  58  (52*) 

Screening  Tests  35  (31*) 

Corrosion  42  (38*) 

Production  Processes  36  (32*) 

No  response/not  applicable  21  (19*) 

Please  describe  how  reliability  tests  for  nonelectronic  equipment  are 
normally  performed  at  your  facility. 

For  a  specified  period  of  time  57  (51*) 

Until  a  predetermined  number  of 

events/cycles  arc  completed  55  (49*) 

Until  a  predetermined  number  of 

failures  have  occurred  10  (  9*) 

Until  catastrophic  failure  occurs  16  (14*) 

Recurring  until  all  major  failure 

modes  are  Identified  7  (6*) 

No  response/not  applicable  32  (28*) 

Do  you  use  accelerated  testing  methods  to  determine 
performance/ rel lability? 

Yes  52  (46*) 

No  40  (36*) 

No  response  20  (18*) 

How  do  you  evaluate  test  results  In  establishing  quantitative 
reliability? 

MTBF  5  (4*) 

Basic  statistical  methods  29  (26*) 

Not  performed  7  (6*) 

Expected  level  of  Improvement  5  (4*) 

No  response/not  applicable  66  (59*) 


49.  How  do  you  analyze,  the  validity  of  your  assumed  failure  rate 
distribution  and  Its  affects  on  test  results? 


Statistics/curve  fitting 

14 

(13%) 

Welbull  plot 

3 

(  3%) 

Not  performed 

14 

(13%) 

Past  experience 

4 

(  4%) 

No  response/not  applicable 

77 

(69%) 

How  are  costs  for  reliability  programs  allocated,  budgeted  and 
monitored  at  your  facility? 

Percent  of  project  budget 

12 

(11%) 

Cost  estimate  of  expected  tasks 

17 

(15%) 

Contract/project  office 

43 

(38%) 

No  response/not  applicable 

40 

(36%) 

Have  any  of  your  government  contracts  specified  a  requirement  for 
Inclusion  of  a  reliability  centered  maintenance  (RCM)  program? 

Yes 

26 

(23%) 

No 

55 

(49%) 

No  response 

31 

(28%) 

Do  government  directives  (Data  Item  Descriptions,  Instructions,  etc.) 
add  to  the  effectiveness  of  contractual  reliability  and  maintainability 
requirements? 

Yes 

60 

(54%) 

No 

22 

(20%) 

No  response 

30 

(27%) 

Is  there  a  significant  lack  of  standardization  In  the  nonelectronic 
product  world  In  application  of  terms,  specifications  or  qualified 
products  lists? 

Yes 

56 

(52%) 

No 

14 

(13%) 

No  response 

40 

(36%) 

61 
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SS.  Should  there  be  separate  reliability  specifications/standards  for  large 
equipments  (flight  control  systems.  howitzers,  computers)  as  compared 
to  smaller,  more  easily  tested  equipments  (motors,  printers,  actaators)? 


Yes 

48 

(43%) 

No 

29 

(26*) 

No  response 

35 

(31*) 

56. 

To  your  knowledge,  are  any  of  the  engineering  professional  societies 
currently  engaged  In  a  productive  effort  to  develop  or  upgrade  standards 
or  specifications  that  will  have  an  effect  on  rail ability /maintain¬ 
ability  of  nonelectronic  equipment? 

Yes 

27 

(24*) 

No 

51 

(46*) 

No  response 

34 

(30*) 

67. 

Does  the  added  requirement  of  ruggedlxatlon  for  certain  military 
equipment  affect  reliability? 

Yes 

45 

(40*) 

No 

7 

(  6*) 

No  response 

60 

(54*) 

58a. 

Is  sufficient  information  available  to  perform  reliability  analysis  for 
nonelectronic  designs? 

Yes 

20 

(18*) 

No 

36 

(32*) 

No  response 

56 

(50*) 

58b. 

If  not,  do  you  think  a  Handbook  Is  possible  which  could  provide 
procedures,  guidance  and  material  Information. 

Yes 

60 

(54*) 

No 

9 

(  8*) 

No  response 

43 

(38*) 
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APPENDIX  C 


SUMMARY  OF  RESPONSE 
TO  QUESTIONNAIRE 
ON  RELIABILITY  PROGRAMS 
FOR  NONELECTRONIC  DESIGNS 
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SUMMARY  OP  RESPONSE  TO  QUESTIONNAIRE  ON  RELIABIU1 


RESPONSE 

COM. 

JtJW 

COMPONENTS 

NANAOEHENT 
.  .  ..fROORAH 

RRtDtCTtON 

fmi 

STRESS  ANAL Till 

TEST  NEMMM 

1. 

full  e»rt  neupiritor 

o  785  ippllcibli  ind 
coit  effective  for 
nontlKtronlt  tqulp. 
mint  but  only  with  t 
mitlng  tut  mothod 

o  RtquIrmMntt  tittfe* 
llihed  it  tyitl* 
livtl  In  ttrm  Of 
"Milton  luCCtlt 

o  Rolliblllty  control 
through  TW  uttno 
CERT 

o  758  not  uiodt  roll* 
iblllty  pndtetton 
Mthodt  oro  tnoffoc* 
tlvo 

o  CffKtlvo  it  comoo* 
nont  lovol  for 
tntttol  icroon  ond 
ftodbick 

o  fir  production 
vorlftcitlon  it 
lyitom  lovol 

o  computir  dotign. 
CAOR  UIM 

0  UlO  7I1C  llMO  tt 
inoludot  method*  for 
tott  tnd  r«1  Utility 
Mblyilt 

o  ludgit  roitrleti 
timpl*  ilio/toit  tlM 

t. 

Co*t  einvorilon 
plinti,  nivil  michln* 
•ry  tnd  prooultlon 
plinti,  nucllir 
plinti,  ilrerift  tnd 
lutomottvo  tnglnn 

hwii  t*irii  Milt. 
Uni,  cornermen, 
motort,  otc. 

o  783  uiod  In  con¬ 
junction  with  Kit 
Mttoblllty  Anilytli 
flyldo-785  ippllcibli 
for  nonoloetronlc 
•qglpmint 

o  humrleil  ngulrt* 
monti  oitibllihod  it 
lyitom  lovol 

o  Rolliblllty  control 
through  rotUbttlty 
growth  monitoring 

p  733  not  iitlifie- 
tory  for  noniloctron* 
le  ogulpmont  bociuto 
of  lick  of  componont 
itindirdliitlon 

o  Rndietloni  offoc* 
two  for  miturod 
Oqulpmont |  utld  for 
lift  eye t*  eotti  ind 
ipiroi  rooulromontt 

o  (ffoctlvo  for 
ftrit-of-i-ktnd 
oqulpmont  it  commo* 
nont  ml  lyitom  lovol 

O  Utld  In  ivory 
progrim  for  citntro* 
phlc  filluroi 

«  (ffoctlvo  utllln* 
tlon  ot  componont 
lovol 

o  Thoortlleil  itroit 
inilytlt  mod  to 
oniuro  idoouiti 
tifoty  morglm 

o  No  totting  per¬ 
formed 

o  711  It  ippllcibli  1 
but  Improvtmint  II 
rtQuIrod  -  tilt 
envtronmont  oftin  , 
full  to  ilmuloto 
field  condition 
rotultlng  In  llmitod, 
uii  of  tott  doti 

3. 

EUctro-optleil 
vliuil  dtttelion 
tyttomi 

Ileculiri,  ptri- 
tcopit,  ret  Id  let, 
llgntweighi  hind* 
opintid  mtchintini 

o  785  uiod  ond 
iffoetlve 

o  Mpulrnmonti  bind 
on  lyitnn  lovol  fill* 
uro  ritoi  ind  coit 
roitnlnti 

o  Rolliblllty  control 
through  qulllf  loot  ton 
toiti  inri  H ltd 

0  75b  utld  with  Nun* 
lloctronlc  Rlttlblll* 
ty  Netobook  for 
(pint  riqulnmonti 

C  758  nondi  moro 
dotill  ind  onimplni 

o  Uiod  In  ovont  of 
rolliblllty  oroblomt 
•nd/or  c it n trophic 
filluroi 

0  711  offoctlvoly 
uiod,  but  modi  iddm 
tilt  livilt  for  non* 
electronic  iqulpmont 

o  Ult  81 OC  llthar 
directly  or  u  i 
guide  for  envlronmt* 
til  prof  Hu 

4. 

Commit  111  ilrerift 
IJIttIM 

Pumpi,  vilvit,  letup* 
tori,  ttc. 

o  785  not  uiod.  but 
ippl  Icibli,  coit 
offoctlvo 

o  Rolliblllty 
rodulrvmontl  Oltlb* 
llihnil  in  tirm  of 
lyitom  lovol  fllluro 
rito,  componont  MT87 
o  Rolliblllty  control 
by  conttngoul  con* 
trictor/iuppllor 
Intorfico 

1  755  not  uiid 

0  717,  RADC,  Rub* 

1 1 mod  Alrllni  Diti 
vory  utiful  for 
rolliblllty  prodie* 
tlont 

o  Ovorhiul/milnto* 
ninco  romldvrittoni 
nutt  bo  ineludod  in 
rollibll'ty  prodie* 
tlon 

0  ARP *1218  uiod  to 
dotoet  citlitrophlc 
filluroi  on  ill  pro* 
gnmi 

0  A  mult  for  tifoty 
crltlcil  eonponmnti 

o  Very  coit  of  foe* 
tlvo 

o  781  not  uiod  ■  no 
commnt  on  Itl  ippH 
c it  Ion 

1. 

Hydriullt  igulpmint, 

MgllMt 

0  ho  connint  on  711 
or  Inlnrnil  rilu- 
blllty  progri* 

o  736  not  uiod,  not 
toll nf oetory 

o  Not  porformod 

o  Enponilvoi  uioful 
only  In  iron  of 
high  rl»k 

o  781  uiod  but  not  ' 
ipproprlit*  for  non* 
lloctronlc  iqulumonj 

o  781  nquirei  now  j 
proctdurei  with  odd 
diitributloni 

l 

t. 

Ntllliry  ilrerift 

hydriullc,  ilictrl- 
cil  ind  wchinkil 
compomnti 

o  783  uiod  ind  coit 
•ffoctlvi 

o  Minion  nodtlt  do* 
volopod  to  ottiblllh 
NfHBr  roqulromintt 
ond  lyitom  lovol 
fllluro  ritoi 

o  Rolliblllty  control 
through  quillflcitlon 
toiti,  RIM  ind  roltl* 
blllty  growth  moni¬ 
toring 

o  755  uiod  but  not 
tltlifletory 

e  Rolliblllty  prtdle* 
tlom  uioful  for 
minion  rtlltld  func¬ 
tion!  iqulpnont 

o  }*M  ind  If *15  dito 
utld  but  ntidi  much 
linltltlng  ind  miny 
mumptlom  to  uii 
ii  Informitlon  bin 

o  Porformod  for 
logtitlci  lupport 
intlylll  In  iceord* 
IK*  with  I57P 

o  Ro lit  ion  of  ttrtii 
fieton  to  filluri 
ritoi  not  utuilly 
ivilUblo 

o  781  not  utld  ind  \ 
ntw  procidurn 
riputrid-f Ivor*  TAD 
ipproich  in  tilting 
progrim 

o  liyiilm  tichnlim 
uiod  to  dotonlno 
tilt  tint  whin  uni 
Mil!  tng>lt  tint 
iviiUbl* 

/ 
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AIM  if* 


ACCtLEBATCO  TtSTINS 

ItUABILITfOBONTH 

«  Vie  NIC  tinea  it 
tncludet  method!  for 
teit  and  reliability 

tnalytlt 

«  ludgtt  rentrieti 
a ample  ilie/teit  time 

o  Ho  proctdurtt  uttd* 
rwt  v*ry  iffictlv* 

n  TAW  utlng  CIAT 
uiad  to  enaura  relia¬ 
bility  requirement! 
being  met 

P  No  tatting  per¬ 
formed 

o  Til  It  apptleibto 
but  Improvimtnt  It 
required  •  teit 
environment  nfttn 
fllll  to  ilmulita 
field  coudltloni 
mulling  In  limited 
uit  of  teit  data 

o  (ffectlve  for  flrat 
article  tettlng,  tt 
tyttam  and  component 
level 

o  Monttort  to  enture 
requirement!  ire  mtt 
for  mtturad  equipment 

•  ?BI  affectively 
uiad,  but  ntada  added 
teat  level!  for  non¬ 
electronic  equipment 

o  die  (1101  tlthar 
directly  or  at  a 
guide  for  environmen¬ 
tal  pro! 1  let 

o  Net  uted 

u  No  relltblllty 
growth  program 

0  Tati  not  uted  -  no 
content  on  Iti  appli¬ 
cation 

o  No  procedurti  uted- 
not  very  nffectlve 

o  Initial  t  mature 
Mfir  tpecified  and 
monitored 

o  Very  Important  to 
monitor  In  early 
development  ohate 

o  Tfll  vied  but  not 
appropriate  for  non¬ 
electronic  equipment! 

O  781  require!  ne« 
procedure!  with  added 
dlttrlbut loni 

o  No  procedural  uted 
but  may  be  eo«t 
effective  at  ayitern 
level 

o  Can  be  very  effec¬ 
tive  but  muat  be 
teparately  fundid  to 
work 

o  TAW  uted 
o  brqulrementt  tpeci¬ 
fied  bated  on  two 
yean  from  Initial 
f  llldlng 

o  )8I  not  uted  and 
nm  procedural 
requlred-favort  IMF 
approach  In  tatting 
proqrem 

o  Bayetlan  technique! 
uted  to  determine 
tilt  ttmei  ehan  only 
email  tampla  t l tet 
available 

o  No  procedural  uted ( 
hat  only  llmltad 
evperlence 

o  Uie'ul  during 
development  program! 
to  predict  progreat 
towerdi  raqulramenti 
and  feaalblllty  of 
requlremanti 

o  No  Intqrnil  port  o  Content  failure 
aalactton  procedure!  riti  attumtd  for  NT 
eilculetlon 


o  carrel etlon  between  a  far  hybrid  unlao 
tnelytet  ond  field  uaa  Nl  •  far  eem- 
reiulta  very  poor  and  plotoly  none  lee tren- 


predletlon  retultt 
ututlly  dlctrded  be- 
etuie  method!  for 
relUbtllty  tntlytlt 
poor 

a  Corral  men  between 
reliability  predic¬ 
tion  and  teat  ratultt 
poor 


a  Otptndt  on  aoulp-  a  Antlytli  ratultt 
Mnt  tmdar  tatt  Inaecurata  duo  to 
lack  of  metnlngful 
data  ban 

o  Correlation  between 
prediction  and  tatt 
poor  due  to  different 
environment! 

o  Tut  environment 
failed  to  itmulate 
certain  field  condi¬ 
tion! 


le  a  new  tatt  method 
It  reeufred 


o  No  Internal  parti 
telactlon  preeadurei 


o  Conitant  failure 
rata  mumed 


o  Analyili  ratultt  o  7AB  provldai  unt¬ 
aro  eoniorvetlve  with  form  criteria  •  If 
retpect  to  field  par-  more  nonelectronic 


romance  111 


failure  data  were 
available  It  would 


o  field  pro bl ami  hive  Ildar  ui«e 

earned  by  Inadequate  h,v*  "  "  “**** 
training  of  operator  o  Standardliatlon  of 


o  Internal  itandard  o  Tailored  to  appll- 
parti  catalogue  uttd  cation,  uiually 
No  I  bull 


o  Conitant  failure 
rata  attuned  Ind I i- 
crlmlnatelyi  need 
more  dlatrlbutlon 

analyili 


and  maintenance 
ptrionnel 


o  Clote  correlation 
of  prediction  to 
field  ratultt  In 
commerdtl  tlrpltne 
builneil  bectute 
actual  eiparlance 
data  can  ba  uiad 


o  Prediction  analyili 
optlmlttlc  with 
retpect  to  field 
performance  dun  to 
human  error 


nonelectronic  compo¬ 
nent!  would  bt  very 
helpfu' 


SUMMARY  OP  RE8PON8E  TO  QUESTIONNAIRE  ON  RELI 


Alrcrtft  itructurei,  Prlairlly  inter  lelt 
CMltNCtlM  e«llp»  IllKttM  Of  ItruCt- 


aent  itructurei. 
turglcal  Inplftnii 


uril  elloyi  both 
ferrout  ind  non- 
ferrout 


o  785  mod  t«d 
applicable  •  coit 

OffMtWOMIt  H 

tyttem  dependent 

o  Perfanaenee  re¬ 
quirement!  uted  to 
eitebllthed  tyttem 
level  fellrre  rtttit 
nlleblllty  control 
by  quill  flection 
tcitti  R1W  ind  growth 
monitoring 


0  751  uted,  but  not 
tettifectory 


o  1515  utod  0  Uteful  for  com- 

o  fHIA'i  coot  tffoe- 
tlv*  for  tyttem  only  o  NAJTKAN  finite 
oloiont  cooputor 
pregrim  utod 


Alrcnft  ty t tom  i 
ilrfltld  aaulpmen 
ind  control  tear 


Heavy  machinery, 
vehlelet,  hono  opp 
1  linen,  computer 
hirduiro,  otc, 


fighter  ilrcreft 

tyetame 


Hydraulic,  eloetri- 
cal ,  fuel,  end  get- 
eout  eomponentt  of 
ilrereft  oqulpment 

e  751  net  uted 

o  Ute  UK  Mnlttry  of 
Oefento  Jttndird  00- 
80  "Achievement  of 
Aelliblllty  ind  Kiln- 
tilnablllty* 

o  Aeoulriewmtt  bind 
on  minion  tuecott 
prohibit  tty 

o  Incentlm  uied  In 
vtrlfylng  relliblllty 

p  755  not  uted 

o  Difficult  to 
guentlfy  coit 
effectlvenett  of 
prediction  effort 
but  onintUI 

o  UK  dote  bttet 
nermtlly  uted 

o  Hell  worth  effort 
it  ell  Indenture 
level i  If  done  et 
correct  time 

e  ft tint  111  where 
meaningful,  1,e. 
pretture  veitelt, 
undercarriage!,  etc. 

Turblntt.  pwpt,  high 
ipeed  printer,  etc, 

HHHH 

o  Internal  proceduret 
uted 

o  Applicable  to 
tubiyitem,  tyttem 

o  Uted  on  critical 
itructural  compon- 

term)  proceduret 

uted 

o  ln-hdute  f  it  lure 
rite  diti  btnk  uted 

o  Sett  for  new  pro¬ 
duct!  end  in  event  of 
catittrophlc  felluret 

anti 

Inalnet,  minltlont,  n  ho  content  on  755  o  No  commem  on  755 
jiniiupport  equip*  or  Internal  relll- 


or  Internil  relll- 
bt  1  tty  program 


flight  Control  tervo  term 
Mechinlwt 


o  Prediction  <r« 
required  for  deter¬ 
mining  Intpnctlon 
tntervili  ind  win- 
temnee  plini 

o  Difficult  for  non¬ 
electronic  pirtt  he- 
Ctuio  Mny  ire 
tpeclflcilly  deitgneil 
ind  non-ttinderdlied 


o  751  not  utod  -  re-  jo  755  titlifiotory  |o  AAP-975  utid 


o  Very  loporlint  to 
loid  hearing  com* 
ponentl  pirtlculirly 
there  redundmey  (t 
not  poiilhle 


ientt'ei{ih!?,h«d’in  0  Prediction!  give 


nccrptince  teet 

o  Tut  reeultt  utod 
to  determine  correc¬ 
tive  lotion 


tpproilmitt  HTlf  for 
ute  it  yirdttlck  to 

neiture  propotilt 


o  Viry  effective- 
pinpoint!  tifety 
crltlcel  itpecti 
eirly  In  detlgn 
itepe 


o  ill  uted 

o  Very  effective  to 
detect  piece  -  pert* 
not  properly  derited 
In  uetlgn 


hue  leer  power  plmt 
tyitimt 


Vllvet,  pumpt,  piping  n  785  effective,  but  o  755  not  titlifec 
ueed  it  i  ruftrence  lory  ind  new  pmoe 
only)  In-houtt  ttm-  umi  need  to  bo 
dtrdt  util  lied  developed 

iO  Nuwerleil  mill-  -  ■ 

blltty  requlreniontt 


o  755  not  titlifec-  o  Ute  In-houte  7HCCA 
lory  ind  new  proced-  which  it  tultoble  for 
umt  need  to  bo  melyitng  ninetae- 
tronle  tyttemt 


developed 

o  Predict  lone  colt 
effective  but  method 


ettibltthed  it  tyttem  need  leprovement 

iSntroirbJi5uiiif?cM*  ®0}nlj5;3}jttwt 

tlon  teiti  ,or  predict loht 


IAIRE  ON  RELIABILITY  PROGRAMS  FOR  NONELECTRONIC  DESIGNS 


aitiblUHed  for  eich  mini  It  tyttent 
t.«t  progmt  0  |tU  ,pr4y  ,fld 

oytritrut  tfttt  to 
deter, Hint  fitlgu* 
chine trrlitlct 


ACCELERATED  TESTlNU  RELIA8JUT*  MONTH 


o  System  dependent  t 
effective  far  miny 


CtttntUi  whert 
iinlngful,  l.t, 
retturt  vomit 


o  781  used,  net  pro- 
etdurti  to  Include 
rtUwd  taftwure 


nderCArrligit,  etc.  required 

a  A  fector  of  2*1 
Applied  to  test 
retultt  In  utlnilln; 
field  relublllty 


o  Could  be  coit 
effective  If  proven 
method*  UKltted 


FAILURE  PATE  I  AHRlf  5J5/TEST/FIUD 


I'J  HlJtimi'LjBW  My-.UIf-U  PUj 


MISCELLANEOUS 


mu 


0  DlUStUrt  i  Wtlbull, 
log  noiMAl  mod  for 
evilubttng  tett 
result* 


o  Conitint  tnd  oorati  o  Prediction  mtlyili  o  Put  enperlence 
future  ret*  Attuned  to  field  reiultt  ere  end  Improved  tech- 
optimistic  by  nology  determine 

l.Mll  relublllty  require- 

u  HellAblllty  inily-  n'*"u 
tit  to  titt  results 
Are  optlmlttlc  by  Jil 

o  Rtlliblllty  tett  1  ng 
to  field  reiultt  ere 
optlmlttlc  by  ill 


Uled  on  crltlcAl 
tructurel  compon- 
tt 


o  781  not  utid  ■  ‘n-  , 
houu  totting  itArp. 
Ard  uted  i 

o  Stsr t  In  OArly 
itigst  for  groAteit 
effect  I veno » i 

o  QuA  I  If  Ic  At  Ion  tout 
by  limp  ling  ututl  to 
onture  relublllty 
roqulrumontt  ere  mol 


o  Performed  According  la  Torqit  eltlbllthed  jo  Utid  for  bolt 


to  product  by  In- 
haute  ttondArdt 


for  eoch  yotr  After  bearings,  iprlngt, 
development!  MAtuied  etc. 
by  flold  ttrvIcA 


o  Do  not  Atiurn  ion* 
it  Ant  fAlturo  rAtoi 
contldorlng  Welbull 

d  For  tmill  ■  i Amp  1  e 
tile  uio  mirglnil 
An A 1 ys 1 S  for  Appro** 
iMAto  d 1 st  r I  but  1  or 

of  lift 


VAry  ImportAnt  to  o  DUE,  DIM,  Sl'llb 
PAd  ho»r1no  com-  used  to  onture  roll. 


nentt  PArllcuUrly  Ability  roqulrementt  eeir  out 
er«  redundAncy  It  Are  met 


o  Inpnrtenl  for  com¬ 
ponent  t  subject  to 


o  Effective  At  tottl 
tyttea  level  only 


t  possible 


o  Tettl  ttruclured 
I  for  peifor-noncet 
rylUblll-y  usually 
plggyhAck 


o  Effective  for  pin.  o  Conpiny  ttendArdt  o  ComtAnt  f el  lure 
pointing  Impropirly  book  role  Attu«ed 


o  Difficult  to  mike  o  781  should  emu  Id- 
coomon  cone lut Ions  er  Impact  of  pietmh. 

bly  ind  positional 
Adjustment,  I,*, 
idjuitlng  term* 

o  Correllllcn/refrr- 
enci  of  fllld  data 
noodod  In  7(8 

o  Relublllty  pro- 
grimt  mult  b»  1n>1 1  - 
wlduAt ly  tAllorod 


o  Reliability 
opproACh  U  the  saim) 
for  ndneleclronlct 
And  (loctronlct  At 
tyitom  live! 

o  RAlUblllty  pro- 
grAMt  neud  more 
smphAilt  on  logis¬ 
tics  tupport 


o  781  utAd  yhnn 
potilbU,  otherwise 
tests  ttArch  for 
f Allure  modes 

o  HondbooL  pose  1 1> li¬ 
on  tpoclflc  tyttem 
bitU  only 


0  field  MT8F  6 (It  Of 
predicted 


SUMMARY  OF  RESPONSE  TO  QUESTIONNAIRE  ON  RELI 


Arnold  vehicle!, 
eat  Monk  guided 
•Itillei,  irtlllery 


PStPItTM _ 


#  746  not  ujcd  but  o  Ralliblltty  valuei 
apnllcebte  ■  analytli  ara  furnlthad  b.v  eon- 
onlyt  no  reliability  tractor  for  utl  In 


oparational  rouirch 
type  analyili 


HR  lecond  SUMt 
Pelerle,  hlnutaman 


Noule,  flea  letl, 
threat  vector  aetua- 
tor,  otc. 


•ppi  icabit  -  analyili 
onlyi  "o  rcltibtltty 

proprami  devetoped 
o  Olttlnguiihea  ba¬ 
tman  rcltibtltty  it 
It  effect!  minion . 
i«d  logtittci  tn 
lyittm  itnulttton 
node! 


0  746  often  uicd  but  o  fid  not  uted  it  ■  < 
iiMdl  titlortni  to  contnct  requirement 
delete  "nlictrniilm*  ........ 

fimiifiiMpu  0  Strsii/ltPingth 

rtqwi  rwm»  cilculitUni,  dtilgrt 

o  Syitem  level  fill-  margin  raqulremantt 
urt  ntit  uiUbltthed  and  o.iglniarlng  eet t • 
for  contrictuit  Mbit  mod  for  pro* 
requirement!  dtctlom 

o  Flight  reltibtllty 
verified  bated  on 
experiencing  tire 
crtucil  filluret 


o  Uted  to  Interface 
rcltibtltty  rntth 
dill  on  for  eerty 
problem  I  Centime- 
t ton.  liter  uicd  to 
quenttfy  fit  lure 
model 


Tret  tori  for  around 
(.lunched  Crutie 
Mlttlte 


Tret ler-l t ft  ictuitor  o  711  not  uted  but 
applicable 


0  711  not  uted  but  o  711  not  uttlfic- 
•Ppltcibld  tory  •  imp! let  expo- 

0  Requirement!  bited  dUtr,but,on 

on  million  tucotu 

probability  by  Optra- 

ttonil  environment 

end  •itntitntbtllty 

rtqulrementt 


Mounting  treyt,  ivt-  o  Normally  hat  relti-  o  Prlur  product  diti  o  Uitd  on  ufety 
onict  rick t,  Routing  bi 1  tty  guarantid  tn  tame  opirttlonal  critical  oomponente 

tnd  itOndlicironU  which  tmpoie  frti  environment  It  by  fir  per  ARP-9J6 

the  belt  touret 


and  nondlictronU  xhtch  tmpoie  free 

componentl  of  ivlon-  conatgnawnt  iptrei, 
tci  unit!  "no  coif  redeilgn 

tnd  retrofit  until 
guirmtee  It  met 

o  MII-5TO-7M  not 
uicd 


Solid  fuel  propulilon  Rocket  motor  pirti,  o  humerletl  require1 
tyitem.  gnphlte  Iniulatori,  notilel,  menti  biied  on  mill 
compoilte  ttructuret  igniteri,  etc.  ion  lucqeii  probe- 


C  756  not  uted 
0  Prediction  1i  •«.. 


XETS.S&l  ntU.  lv. 

duetlon  proctmm  '  ’ 
rilliulllty  control  e  Uitillld  probabil* 
by  quiMflcitlon  tilt  Htle  tnilyui  pir- 
ind  rtllablllty  formed  to  ivtlultp 

growth  monitoring  predicted  ritliPlllty 

with  uwenttvei 
o  Nit-iito-ffld  not 


o  Intirnil  proeidurti  o  tiled  for  predie* 
juted  turns 

o  finite  element 
inelyilt  performed 
it  pirt  level 


Mliille  control 
lyitemt 


Ac  tut  tor |,  gyrci 


o  765  nut  uicd  but 
ippltectile  and  coat 
effective 

o  Requirement!  bind 
on  million  lucent 

Srobab  1 1 1  ty;  nl  ta¬ 
ll  tty  control  by 
qualification  tmt 
and  reliability 


o  756  lit  I  if act ory  o  hot  coit  effective 
but  prmdtctloni  hive  at  any  level  but  uted 
minimal  iffectlvanen  In  every  detlyn 
effnrt  per  16M 


#  ln-hou»i  itindtrdi  o  Tn^tntur# 
utod  In  IWu  of  781  MUrtHA  mid  to 

Identify  igi-iinil- 
tlvi  mitiriolt 


e  Und  to  monitor  o  Un  ttindirdt 
reliability  progrin  ninull  por  APR  !)■! 
«nd  Identify  probltm  <nd  SAMSO 
componinti 


o  Intuff Icltnt  dit«  o  Hindbook  ihould 
In  itind-by  opori-  provide  my  my  to 

tlonol  modi  of  milt*  tel  lor  roqulroeinti 
1 1n  ind  documntt 

a  Hitrlx  mould  bo 
developed  to  Ident 1  - 
fy  nqulromonti 
vortut  progrim  phim 


0  781  Midi  Improve* 
mini 

o  Accipl/rMict.  cr t  - 
tirti  mUbnmop 

por 

o  Tut  multi 
reduced  by  t  feeler 
of  lib-?  to  predict 
opiritloml  relU- 
bl  Illy 


o  Honitorid  by  in-  o  Roiliblllty  eompo- 
torvlci  operet lonol  ninti  engineer  1 ng  md 
relllbl  llty  riportl  mechAnleil  •nulneer- 
from  utiri  (Alrllnlt)  Ing  milntlln  i  non- 
iloctrontci  inprovnd 
vindort  pirtt  lilting 


o  After  Approx Imitely 
I  ytlrl  Of  igrmfvo 
nollibfllty  growth 
enilytlcil  multi 
Art  exoiedtd  In 
Atrvlci  by  lO-JOt 


o  feiti  pKt'lurmod  to  n  Utod  whore  totti 
virlly  no  weirout  urv  vury  cnitly  ai 
ChirAclirlit lei  -  no  with  rocket  mot nr t 
ril  I  Ability  telly  per  Internet  procod 
performed  urn 


n  Blnomlil  und  for 
tilting  "oni-iliot" 

dtvkoi 


o  fill  not  utiil,  not 
epproprlnlo 


o  Number  of  tliti  too  a  Qovernment  dlr»e- 
imA'I  for  compArlion  tlvoi  Jmt  qonerete 
"peper  work*  .for 
reporting  purpoiit 

o  Sufflcfinl  Infor- 
mitlon  from  In-houli 
diti  for  roiliblllty 
inilyili  -  no  ItAnd- 
book  noodtd 


o  Sufficient  Infor- 
mitlon  doit  not 
milt  for  relleblll- 
tv  inilyili  for  non- 
electronic  detlgnl 


. . 

it 


SUMMARY  OF  RESPONSE  TO  QUESTIONNAIRE  ON  j 


RESPONSE 

CODE 

SYSTEM 

COMPONENTS 

MANAGEMENT 

PROGRAM 

PREDICTION 

FMEA 

STRESS  ANALYSIS 

J 

19. 

Ground  Jammer  radar 
system,  modular 
threat  tmltter  ridir 
lyitu 

Servomotors,  sir 
conditioners, 
blowers,  gear  trains 

o  785  used  snd  effec¬ 
tive  depending  on 
eppltcetton 

o  Numerical  require¬ 
ments  specified  In 
terms  pf  system  level 
feiture  rate  end 
mlsston  success 
probabtlltyi  relia¬ 
bility  control  by 
qualification  test 

o  755  used 

o  Useful  at  component 
to  system  level  on  a 
parts' count  basis  and 
application  environ¬ 
ment 

o  Not  performed 

o  Cost  effective  from 
lint  replaceable  unit 
to  system  level 

o  Piece  part  FMEA 
useful  for  critical 
artas 

o  Performed  per  217 

o  Mey  not  he  cost 
effective  for  non¬ 
electronic  designs 

OJ 

o-^ 

tf 

m. 

08! 

<* 

i 

.i 

i 

j 

20. 

Battle  tanka,  a ener- 
ator  itti,  futl 
lystemi 

Pumps  and  other  com¬ 
ponents  constituting 
referenced  systems 

i  •  i  i  "  " 

o  785  applicable  and 
cost  effective 
o  Numerical  require- 
ments  spec  1 f lad  In 
terms  of  system  level 
feiture  rete  end 
minion  success 
probabl lltyt  control 
by  qualification 
tasts  and  R1W  with 
Incentives 

o  756  not  satlsfac- 
tory 

o  Predictions  used 
for  life  cycle  and 
loglttlcs  support 
costs  and  spares 
requirements 

0  1 

0 

»f 

w< 

r* 

21. 

Earthmovtng  and  con¬ 
struction  equlpmant 

o  785  not  used,  no 
comment  on  applica¬ 
tion 

o  Reliability  re¬ 
quirements  specified 
In  terms  of  system 
level  failure  rata t 
reliability  control 
by  growth  monitoring 

i 

22. 

Ridsr  systems.  dll- 
plays,  communfcetlon 
systems 

Antennas,  pedestals, 
motors,  gyros, 
brushes,  etc. 

o  785  not  used  •  not 
eppllciblo  for  non¬ 
electronic  equipment 
•  electronics  orien¬ 
ted 

o  Numerical  require¬ 
ments  specified  in 
terms  of  system  level 
failure  rate  and  mil¬ 
lion  success  proba¬ 
bility!  reliability 
control  by  qualifica¬ 
tion  lest 

o  756  not  useful 

o  Corporate  field 
data  uied  for  predic¬ 
tion 

o  Not  performed 

0 

a 

01* 

r» 

0 

to 

ty 

2J. 

Structural,  Dneumit- 
Ics,  hydraulics, 
mechanisms 

Metal  1 ic  end  compo¬ 
site  structures, 
values,  drl ve  sys¬ 
tems,  regulators, 
ate. 

o  78b  applicable  and 
cost  effective  but 
not  used 

o  Numerical  require¬ 
ments  ipec'fleu  In 
terms  of  system  level 
(allure  rete 

c  Analyses  and  tests 
used  to  demonstrete 
reliability  fur  small 
quantity  programs 

o  Good  for  qualita¬ 
tive  decision  when 
evaluating  concepts 
or  performing  ti ade- 
offs 

o  Excel  lent  lo  compo¬ 
nent  level 

0  Performed  on  every 
major  design  effort 
to  support  system 
safety  In  accordance 
with  ARP-926 

0 

no 

t 

?4. 

Ground  launchtd 
cruise  missile 

Launch  control  center 

o  785  used  sparingly, 
needs  considerable 
modification 

o  Requirements  based 
mainly  on  availabil¬ 
ity  and  dorman-y 

o  Money  spent  on  re¬ 
liability  programs 
depends  upon  HQ  pres¬ 
sure  or  when  things 
fall  apart 

‘1 

o  756  'jnsatlifactory 

o  Should  be  integra¬ 
ted  with  system  safe¬ 
ty  program  and  LSA 

0 

wi 

Wt 

u  ! 

m 

u 

d« 

1 

L 

/ 


lll|l 


Uwo«fr»-  IftLV  J  j-wvwru 


J 


jtJTIONNAIRE  ON  RELIABILITY  PROGRAMS  FOR  NONELECTRONIC  DESIGNS 


o  Pjrformed  per  21 7 

o  May  not  be  cott 
effective  for  non¬ 
electronic  detlqnt 

o  78IC  used  and 
appropriate  -  needs 
Improvement 

o  Individual  opera¬ 
tional  and  environ¬ 
ment  prof  I  let  devel¬ 
oped  bated  on  unique 
operation  scenario 

o  781  used 

o  For  small  sample 
tiles  -  ask  for  all 
samples  possible 
within  budget 
restraint* 

ACCELERATED  TESTING 


o  Not  perfoneed 

o  May  not  be  cott 
effective 


I  RELIABILITY  GROWTH 


o  Not  perf sneed 

o  Hey  not  be  cott 
effective 


PARTS  SELECTION 


FAILURE  RATE 


n  Conttint  ft! lure 
rite  Attuned 


ANALYStS/TEST/FIELD 
USE  CORRELATIONS 


o  An» lytic  to  field 
diti  optimistic  by 
2:1 


MISCELLANEOUS 


o  Full  tcele  testing  a  Used  to  onture 
performed  to  deter-  requlreoientt  ire  met 
mine  fitlgue  life  0  N,<dtd  to  d4).,m|«t 
If  flrtt  production 
machine  hit  reuon- 
•ble  reliability 


o  Final  relllbl Illy 
Improvement  occurs 
after  field  dit.n 
col lected  end 
corrective  action 


a  In-house  ttinderd-  o  Conttint  fillure 
tied  mechanical  parti  rate  attuned 
lilting 


o  Reatonable  field  o  Has  not  teen  any 
correlation  dependant  nonelectronic  pro- 
on  ipphtittcatton  and  grant  requiring 
training  of  operating  reliability  engl- 
pertonnel  neerlng  activities 

0  DIO'S  and  specif  I • 
cation*  dlffer-good 
review  for  Govern¬ 
ment/Industry  panel 


SUMMARY  OF  RESPONSE  TO  QUESTIONNAIRE  ON  RELIAtt| 


RCSPCNSI 

m _ 


■  W««L 


.aaiinL 


MANAGEMENT 

-sawn 


JSM9JL 


JitL 


jm 


a. 


Tanks,  sirereft, 
trucks 


Guns,  mini  let.  etc. 


o  at  not  used 


require* 
fled  In 


o  Humerlcsl 
rents  specified  in 
terns  of  tyitee  level 
f  si  lure  rue  end 
mission  tuec'isi 
probability 


fixed 
pi  me  Jte, 
sample  etq 

,  MerdwlH 

ilwey*  tel 
epproved  i 
mode 


_  Belle  . 
AR  702-3 


26. 


So nobuoy t 


Pneumatically 
sctlveted  flotitlon 
equipment 


o  Various  elements 
of  7Bt  tsllored  to 
specific  rued 

o  Test  results  used 
for  reliability 
Improvement  purposes 
«  miln  thrust  of 
reliability  program 
it  contribution  to 
design  effort 


766  ton  old  end 
provides  no  detl 
Predictions  ere 
good  reliability 
Jeon' tor  of  design 
evolution 


o  Performed  per  162V 
o  Prectleel  only  for 
systems 


o  Reliance  on  engi¬ 
neering  enelysls 
of  yield  strength 
'  tefety 


merglns  end  tefety 


o  Non-eloctronlc 
tspeets  of  electronic 
tyttom  ere  usuelly  e 
smell  contribution  to 
totel  fellure  rite 


.  781  US, 
phis  Is  pV 
product'  ild 
rether  tie 
let 


All  SIM 
terminate! 
design  us. 
pensetefl 
stetlstltl 
telnty  of 
tnsts  .1 
s 


27. 


Personl)  computers 


Keyboerdt)  floppy 
disk  drives,  wln- 
chester  disk  drives 


o  766  eppllceble  but 
not  used  •  tlmller 
Internet  procedures 

used 


0  Relleblllty  re¬ 
quirements  driven  by 
competitive  products 
end  customer  service 
needst  relleblllty 
control  by  qualifies, 
tlon  test  tnd  growth 
monitoring 


766  not  used 

In-house  dett  pro¬ 
vides  greetest 
utility 

.  Field  fellure  retd 
predicted  to  be  2il 
over  isboretory 
tests 


o  Not  performed 


781  usel 
modified  \ 
rules-lnti 
codumt  ts 


o  fusts  b 
pectud  cu 
utege  of. , 

-  781  n« 
epproprlg 
plans 


28. 


Cedar  structures, 
elrereft  structursl 
sodlflcetlons  for 
llectronic  equlpiiient 


o  786  used  but  only 
. ile 


pertlitly  sppllcibl 
o  Humei'lcsl  require¬ 


ment  specified  In 
terms  of  systom  level 
fellure  rote  sod 
mission  success  prop 
ability!  reliability 
control  by  quellflce. 
tlon  tost 


o  766  usod,  but  not 
setlsfectory  for 
nonelectronic  equip¬ 
ment 


29. 


Alrcreft  towbers 


Structursl  portions 
of  fire  control  peds 


o  786  not  used  but 
upplteeble 

o  Reliability  orogreml 
requirements  uepen„ 
on  the  program  end 
whst  type  of  Incen¬ 
tives  dictated  by 
reliability  englnaer 


b  766  used,  applica¬ 
ble 


o  Performed  on  most 
programs 


o  Field  failure  rete 
predicted  to  be 
4-7i1  over  labora- 
lory  tests 


SO, 


Alrcreft  control 
systems 


o  785  not  used  -  no 
comment  on  Its 
application 

o  Numerical  require¬ 
ments  specified  In 
terms  of  system  level 
fellure  rste  end 
sefety  factors 


o  Prediction  bated 
mainly  on  service 
reports 


o  Performed  In  nvent 
of  unexpected  cata¬ 
strophic  fellure  end 
when  required  by 
contrect 


o  781  usi 
epproprl 
nonelectl 
went 


0  ProdMB1 
cation  ti 
ensure  li 
llebllljj 


XVI 1 1  C 

o  For  hii 
781  nesii 
failure' 
button 

o  For  sd 
sixes  Ck 
confldef 


o  781 


o  Ope  re 
ronaenti 
eetebll 


1 


68 


mm 

If 


IONNAIRE  ON  RELIABILITY  PROGRAMS  FOR  NONELECTRONIC  DESIGNS 


■BIH 


o  tail mic*  an  engi¬ 
neering  analysts 
of  yield  stranoth 
margins  Mid  safety 


o  Performed  only 
when  normal  usage/ 
luting  filli  tn 
precipitate  failures 


IttMUauiaiJ 


a  Fixed  length  toit 
plan*  uiid  for  smell 

IMipIl  tlUl 

0  Hardware  Itams 
always  tntod  to  in 
approved  opintlonil 
mod* 

0  Salic  guidance  per 
M  702-3 


0  7BI  uitd  but  em- 
phult  placid  on 
product  Improvement 
rather  than  statist- 
lea 

0  All  sample  tuts 
terminated  -  ovar  . 
datlgn  used  to  com- 
pansatf  for  the 
itattitkal  uncer¬ 
tainty  of  sampling 
tilt! 


0  /81  uind  with  0  Uud  far  prlntfr 
modified  procedural/  produett  at  compo- 
rules-lnternal  pro-  nent  level 
ceduret  uted 

<1  Tuts  bait'd  on  ex¬ 
pected  customer 
usage  of  equipment 

0  781  need!  more 
appropriate  tell 
plan] 


FAILURE  DATE 
UTION 


0  Conatant  failure 

rite  aiiuaed 


ANAL  YS  t  S/TEST  7FIEL0«  t  HtSCtUAMOUS 


.  .lit! 


0  Teit  rtiulti  In¬ 
clude  diet*  of  re- 
placeinent  parti, 
special  tool  1,  menu- 
alt  and  Mint,  time  , 
for  coat  of  owner - 
ship  predtettoni 

0  Operator/ealntaln 
er  error  needt  wore 
Inveittgatlon -often 
etcilatei  coat  of 
ownarthlp 


0  '/i>i  used  but  not 
appropriate  for 
nonelectronic  equip¬ 
ment 


0  Not  performed 


0  Implemented  by 
component!  engineer¬ 
ing  group 


0  Constant  failure 
rata  eteumed  only 
baeauia  nonelectron¬ 
ic  equipment  teited 
1 1  part  of  primarily 
electronic  tyitem 


0  Too  many  human 
variable*  In  tha  re¬ 
cording  of  failure* 
(relevancy,  account¬ 
ability  and  other 
attenuating  elreum- 
itancaa)  to  aehtovo 
worthwhile  data  or 
any  kind  of  correla¬ 
tion 


0  Held  report!  art  0  Reliability  alio- 
too  contradictory  to  catad  by  X  of  total 


to  draw  conclusion! 


budget  to  utltfy 
tha  need  to  b* 
compatltlv* 


0  HtL-STD-966  uitd  0  Aiaumad  dlltrlbu-  0  Analyilt  to  field 
tlon  dapandi  on  typ*  raiulti  optimistic 


of  teat  and  equip' 
mant  daalgn 


by  1-5  il 

0  Teat  raiulti  to 
field  raiulti  optl- 
mlitlc  by  2-4i) 


0  Production  verlfl- 
citlon  testing  to 
enlure  Inherent  re¬ 
liability  per  78K 
Xlfl  1 1  C  performed 

0  For  nonelectronlcs, 
7B1  needs  revised 
failure  rote  distri¬ 
bution 

0  For  small  sample 
sires  Chi -square  50* 


0  Parfcrm  fatlgua 
and  endurance  taiti 


0  Fatigue  test  re- 
lultt,  1,*.  crick 
Inltletlon  end 
growth  retei,  re¬ 
flected  In  Inipec- 
tlon  program 

0  Procedures  used 
for  highly  itrer  led 
and  critical  parts 

0  Testing  procedure! 
assume  Wtlbull,  log 
normal,  normal 

0  Analysis  to  field 
results  correlation 
poor  due  to  unpre- 
dletad  failure  modes 
or  nenraoognltlon  of 
dependence 

SUMMARY  OF  RESPONSE  TO  QUESTIONNAIRE  0 


RESPONSE 


turn,  tenki,  eirth 
moving  equipment 


!  COMPONENTS 


Englnai,  trinimlii- 
lont,  gun  tubdi, 
PUMpi 


MANAGEMENT  | 
PR 


718  uud  but  needi  jo  788  uniitlifictory  o  Performed  where  |o  EffdeilW 


evtenilve  modlflei- 
t Ion  •  different 
qulllflcitlon  t«iti 
geered  towirdi  non* 


o  Government  diti 
benkt  uieful  to 
«gm  upon  eortnet* 


known  problem!  ml  it  itrm  out  mijor 
or  If  required  undor  toured  of  problem! 
eontrict 


gitm  towtroi  non*  hut 

electronic  equipment 


0  Numerlcil  require¬ 
ment!  In  tenet  of 
lytte#  Ifvtl  fit  lure 
rttti  *nd  minion 
lueetti  prebiblllty 


Alrfrime  btirlngi 


Propulllon  lyitMi, 
klnotlc  dnorgy 
lyttemi 


Accelerometeri, 
motoni,  geiri, 
iprlngi,  beirlngi, 
flywheeli 


o  Not  Involvdd  with 
relltblllty  progrwi 
requirement! 


o  3-M  «nd  flight 
tut  dite  uud 


o  NuMrleil  require-  o  786  uud,  utli- 

minti  ipeclflea  In  fictory 

tirmi  of  ivitin  level 

filluri  retii  ind 

ufoty 

o  788  not  uud  but 
ippllcible 


o  Pirformd  In  o  Cffoctlvt  for 
icoordined  with  1820  crltlcot  pirtt  only 

o  NASTRAN  inilytlt 
utod 


(lectromechenlcil 
production  lino 
equipment 


MlleolUndOut  elec*  o  786  uud,  ipplte* 
tromechinleil  qompo-  ibid 


nintl  ind  inning/ 
f tiling  divlcil 


o  Requirement! 
ditibllihad  In  termi 
of  minion  iuccoii 
probibllttyi  relli- 
bllttv  control  by 
growth  monitoring 


o  786  uniitllfictory  o  Performed  only  If  o  Probibl Ihtlc 
I  contrictuilly  ttreii/itrenqth 

rioulrid  tichnlguii  uiod 


Actuitori,  gur 
bom,  trimmliiloni,  ipptlcibld 
holiti,  wlnchii  L 


o  788  not  uud  but  lo  756  uud  for  qul11*|o  Pirformtd  If  r«* 


tittvd  prediction  qulred  by  eontrict 


Hdlieoptnri,  weipen 
lubiyitimi,  rotor 
lubiyittmi 


o  Numerleil  rtqulre*  o  Prediction  miy  be  9,1 

mint i  ipiclf lid  In  coit  iff.etlvt  dipon-  2*™I*?Klf 


0  NASTRAN  inilysli 
uud 


term  of  lyitem  level  ding  on  leeuricy/ 
f  ml  lure  retei  ind  detail  of  pndlctlon 
ufetyi  rellebl  1 1ty 
control  by  growth 
monitoring 


IONNAIRE  ON  RELIABILITY  PROGRAMS  FOR  NONELECTRONIC  DESIGNS 


STRESS  ANN. VS  I 


0  Effective  -  over- 
itrrit  on*  nejor 
tource  of  problem 


TEST  PROGRAM 


0  781  null 

o  Qua  1 1 f 1c«t 1  on 
tatting  needed  - 
othenme  reliability 
It  a  gum 


FAILURE  RATE  I  ANALVS IS/TEST/FIELC- I  MISCELLANEOUS 


o  Not  offtctlv* 


0  Started  out  At 
tlmple  management 
tool-hai  btcoM  too 
mathemetleally  eom- 
plex-ihould  return 
to  Ad Am  And  Eva  itaga 


o  Laft  up  to  deilgn-  o  Comtant  fallura 
art  rata  auumed  uiual 


SE  CORRELATION 


o  Hlda  dlipartlon 


o  Tatt  plant  tallcrad 
to  Include  environ¬ 
ment!  bttad  on  pait 
experience 

o  Laboratory  tattt 
utad  to  guide  lelec* 
tlon  of  parti  for 
bait  performance 


o  Effactlva  for  0  ?B1  no(  aPPToprlata 

TATgSBrtSi ",,d 

0  NASTRAN  analyili 
uiad 


O  Probibl little 
Itreu/ltrength 
technlouei  uieil 


o  71)1  not  used 
o  Accupt/releet  cri- 
trrli  attabllihed 
from  f'MECA 


o  781  utad  but  con* 
tldered  umetltfac- 
tory  for  none  lee  - 
t runic  equipment 

o  781  ihould  define 
tha  tachnlquat  and 
met hod t  to  ralata 
predict  torn  to  etch 
othar 


o  May  precipitate  o  Reliability  grovth 
failurai  that  would  monitored  by  Duant 
never  occur  In  normal  plot! 
larvlca 

o  Overtpaed/ovar- 
torque  teiti  par- 
farmed 


o  Procedural  dailgnad  o  Not  peformad 
by  contractor.  no£  0  01ff,<uU  l0 


by  contrictori  not 
w*11  unougH  d« f 1 n«d 


sit  of 


lutely  nacanary 


numarout  datlgn 
change!  after  flrit 
production  run 


rata  auumed  uiual ly  between  anilytet, 
lab  taiti  ana  field 
performance  -  lab 
taiti  are  "wont 
celt*  and  field  uia 
reflect!  Inadequate 
training 


o  Ualbull  or  normal 


•i  Reliability  re¬ 
quirement!  uiual ly 
are  a  compromlie  be- 
twatn  cuitomar  wanti 
and  itata  of  tha  art 


e  Comtant  failure 
rata  attuned 


o  Prefer  temple 
it  let  of  at  laait  A 
to  obtain  810  life 


o  Comtant  failure 
rata  mumad 


o  Prediction  opt  1  - 
ml  it lo  over  tatt  and 
field  reiultt  •  taiti 
provide  a  patiimiitlc 
atieitment  of  opara- 
tional  experience! 


o  Comtant  fallura 
rata  auumed 

o  Uia  Chl-iquare 
dlitrlbutlon  to 
titabllih  quantita¬ 
tive  ml  lability 


o  Comtant  failure 
rate  auumed 


o  Field  MTBF  exceeded 
prediction  and  text 
retulti 


o  Field  retulti  much  o  Trying  to  Inte- 
worie  than  predicted  qrate  reliability 
program  at  part  of 
deilgn  team  effort 

0  Better  Dai)  control 
of  field  reliability 
data  I i  rtqulrnd 

o  Need  a  detailed 
Itudy  of  weight  re¬ 
duction  effect!  on 
lyitem  reliability 


SUMMARY  OF  RESPONSE  TO  QUESTIONNAIRE  ON  RB 


RtSPOKSE  | 


37.  iPniumttie  lyitaw  |Cyl1ndtrt,  vtlvti 


HANAKMHT 


o  res  not  tpplleiblt  0  7!6  unutlifectory*  o  Not  parforatd 
to  fluid  oowort  uit  inttrntl  procedural 
ANSI  ond  NPPA  atthcdt  uiod 


i  aathcdi  uitd 


o  Total  tytttm  r«tt«. 
blllty,  tiftty  tnd 
rtpilrtblllty  tpjel* 
flod  for  dtvtlopatnt 
progrt*i  reliability 
control  by  Queltftce- 
tlon  tott  ond  Aid 


Aodor  oyitoa  podn-  iNetort,  volvoi.  pair  |o  71!  not  uiod,  not  lo  7SS  unoetlifeetory 


toll,  rofleetort. 
Motor  cooler*,  otr 
condlttonori 


trolm,  boirlngi, 
jyroi,  giuget 


applicable 


o  lnodoquito  dotl 


i)  Performed  por  1111  o  Ooolgnan  perform 
In  event  of  unexpec-  o  computerlied 


o  Numerical  require*  ovolUblo  for  efftc 
Mnti  opacified  In  tlvo  prodleMon 
torn!  of  lyitax  Itvtl 
folluro  rote  ond  nu¬ 
ll  on  lucem  probo- 
blllty:  rot  Utility 
control  by  quollflco- 
tlon  tut  ond  growth 
monitoring 


tod  eotoitrophle 
folluro 

o  tffoctlvo  on  ony 
typo  equipment 


•troti  onolyt 1 i 

o  Vory  offictlvo  oi 
o  doiign  ond  rt no¬ 
bility  tool  but  re* 
liability  know  how 
li  not  olwoyi  ovot I  - 
oblo 


39,  Solid  rockit  motor! 


0  78!  not  uiod  but 
ippllcoblo 

o  (toll iblllty 
rtqulromontt  lltob- 
Hihod  In  tereii  of 
tofoty  ond  minion 
•uceoii  probobllltyi 
control  by  quollflci- 
tlon  tut  ond  growth 
monitoring  with 
Incontluoi 


o  Obitrvtd  ond,, 
dmonitrotod  relit- 
blllty  conwirod  with 
riqulromonti 


o  Performed  on  ivory  o  Strength  ond 
doiign  offort  itron  dlitrlbutloni 

compared  it  lowoit 
iivol  which  hoi  dotolcomput 
•vol libit  [ 


Air  Dtftnit  Hltll It 
Syittm 

Lounchtrt,  power 
ganeritori,  olr  con* 
dltlontn,  vthlclti, 
hondltng  tqulpmtnt 

o  Reliability  ututlly 
iptclfitd  tn  term 
of  lyittm  effective- 
ntm  rolUblllty 
control  by  quoHMce* 
tlon  toit  md  growth 
monitoring  with 
Inctntlvti 

n  78S  not  uttd  but 
tppl Iciblt 

Automotle  tnd  monutl 
lubrication  lyittmi 

Thirmlitori,  punpi, 
gougti.  motor  units, 
hydrtullc  cempontnti 

a 

o  1001  pirtl  Intpoc- 
t Ion  uitd 

o  Rot  lability  iptcl- 
flad  in  tami  of 
lyitam  Itvtl  fillurt 
ratat  rtlltblllty 
control  by  RIW 

o  Power  generation, 
tronimliilon  «nd 
dittrlbutlon  equip* 

want  tnd  lyittmi 

Generator!,  turblntl, 
bolltrt,  pump it 
motor],  ttc. 

o  Dtvtloptd  own 
roltiblltty  ittnd- 
trdi  btttd  on  788 
o  Rtlltblllty  iptcl* 
r lad  in  ttrmi  of 
lyittm  Itvtl  folluro 
rata:  rtlltblllty 
control  by  R1V  ind 
pomltloi  for  rtductd 
rtlltblllty 

not  vol to  •  doll  doti  required 


until  only  whl  It 


lo  Not  performed 


n  Hotolturglcnl 
itrOll  ttitt  pur> 
formed  on  oil  mttol 
pirtl 


0  Ptrformtd  undtr 
controct  ptr  1879 

o  dory  eoit  tfftctlvt 
lined  onoyili  multi 
con  bt  uitd  In  mony 


IRE  ON  RELIABILITY  PROGRAMS  FOR  NONELECTRONIC  DE8IGNS 


s  mwn 


TtST  fltOMAM 


MATH LTtST 


LiWLMHUM'nlUiil 


c  HI  mi  1  < c 4b  1  •  o  Increited  eye  I*  o  Product  Problw 

u  name lee  Ironic  rlti  teiti  perforate  deport t  program  utod 

eqwlpnmt  eipeclllly 
it  tytten  level 


pnrfpr*  |o  r»1  uted  but  not 
applicable 


»*rat»i  and  o  Succett/fal lure 
»  o'ttributipnt  eitt  evaluated  by 
rae  «t  i{«eit  Mt«yt  livelihood 

t  »Mcb  bit  Pel  I  conpultr  program 

libit 


tllljrglcel 

It  IttU  per. 

on  ill  metal 


0  IttU  utullly 
identify  errpi't  lit 
prediction  mump, 
llont 

o  Reliability  tut. 
'no  uied  to  I nf  luente 
Ot-iijn  not  field 
predict  ion  ■  period, 
'c  production  letts 

perf  untied 


0  Field  perf (inittinc* 

It  tn«  only  method 
to  tfit  product!  ami 
their  ebl  1 1ty  to  per. 
form 

o  lecept/reject  cri- 
tirli  bated  on  OM 
conf Irmutlon  to 
eitlbl  .thed  ttmdirdt 


FAMINE  PATE  |  AMALTJIS/TEJT/PIIIO-I  NUCCLUMOM 


e  Killtiry  ttindirdi 
iro  often  ter  It  ten  on 
it  net  thny  ihould 
not  and  In  in  un- 
nwtttirily  rnitrlc- 

tlvt  manrttr 


o  Not  perfomtd  • 
validity  of  tich. 
nlquit  uncirtiln  ind 
not  fully  proem 

0  Duane  modi!  uttd 
to  Incorponta  tut 
roiultt  Into  ravliid 
growth  projection 

o  Whin  t Ind  In  with 
a  tift'inilyii-fla 
program  H  could  b« 
effective 

o  Oood  on  lowir  Inn 
danturi  levalt  •  miy 
bt  mltlildlng  on 
upper  levtli 
o  Tettt  performed  it 
•Itvlted  timperiturii 

o  Nequirementt  ipect- 
f Ind  by  cuitomar 

o  Porform  overttruti, 
ttep-ltntt  ind  tut- 
to-fllluri  for  erl. 
tlcil  hirdwiru 

o  Growth  it  tnchld 
but  not  utuil ly  valid 
for  prediction 

o  Thrntho 1 d  viluet 

It  tpiclfled  prognm 
review  point! 
eitlbl i thud 

o  Increited  cycle 
timet  tut  performed 
unly  to  proyi  dura- 
blllty 

o  Growth  requlramintt 
•pneif  Ind  and  man¬ 
ured  by  compaction 
to  prevloul  modlli 
under  exact  condit¬ 
ion  t 

o  No  accelereted 
tout  performed  • 
can't  ilwayl  moot- 
ltd  itrett  of  tilt 
with  livul  of  arcel- 
untud  lift 

0  PPSL  'DISC*  con-  o  Conitint  flllurt  0  Imufflclont  fltld 

trollod  parti  ritt  alined  for  toreleo  diti  for 

•loetrontc  equipment  nonelectronic  Hint 


o  Amumptlon  of  con> 

(tint  failure  riti  ul»  renultl  III 
tditid  atetlitleelly  good  eorrolitlon 
In  aging  ind  iceolir- 
ited  aging  tuts 


o  Anilytl t/tnt/f lild  o  Probihl little 
uio  renultl  ill  »how  »tre»»f»trtngth 


inllyllt  It  tht  moit 
ifftetlvn  method  to 
uttmiti  rollibllUy 
-thould  roeilv*  non 
mphiilt 


o  Conitint  filluri 
riti  attuned 


o  Corrilitloni  hiei 
not  bom  good  -  cin 
b>  »»ry  ml 1 1  aiding 


o  Conitint  filluru 

riti  illumed 


o  Only  tht  govern- 
mtnt  generetei  lit 
own  tirmi  and  tpecl- 
f Icit lent  which  tend 
to  b«  excel live  ind 
coitly 

o  Ninuficturirt 
Ihould  b*  riqulrid 
to  ipiclfy  tgulprent 
reliability  and  then 
b*  roiponilble 
through  warranty 


o  Pridletlon  rtiultt 
•ru  optlmlitic  with 
ritptet  to  tilt 
rtiultt 


SUMMARY  OF  RESPONSE  TO  QUESTIONNAIRE 


acspomsc  i 


Aire  rift  tyitemi  ind 
equipment,  power 
plant!,  itructurai 


NAhAMHMT 


e  711  uied  ••  epeel- 
f ted  by  ISA  require¬ 
ment! 

e  involvement. in  AC* 
enelyiti  -  no  relia¬ 
bility  prograwe 
developed 


Solenoid  end  ttr  Imtruwentatlon  In-  o  Developed  own 
operited  dlrectlonel  eluded  <n  referenced  itenderdt 
Hr  control  velvet  lyUami  #  10#,  ehKk  w 

flnltned  product! 

o  Aovlng  Inipecton 
monitor  mechlne 
aitembly  operttlont 


uliubt.  ..wit 


o  Performed  ee  pert 
of  every  dettgn 
effort 


o  Die  own  lib  teit 
retultt 


0  Roll  obi  1 1 ty  control 
by  qualification  teit 


Automobile!,  truck!,  Shaft!,  geen,  beer- 
englnei,  pumpi,  ingi,  Muilngi  etc, 
gaarboaet 


o  Aelleblltty  re¬ 
quirement!  eiteb- 
llihrd  (n  termt  of 
lyttem  level  fit  lure 
rite  end  minion 
tucteii  probebltltyi 
reliability  control 
by  quiXftcetlon  teit 
end  growth  monitoring 

o  78»  not  uled,  but 
epplleibli 


Dei  turbine  engine!,  o  7IS  uiedi  edit 


o  Performed  ei  pirt 
of  i one  dei 1 gn 

effort!  or  in  event 
of  uneapected  cite- 
itrophle  failure 


control  eyitemt 


effective  with  eere- 
ful  epp licet  ion  end 
judgment 

o  Aelllblllty  re¬ 
quirement  i  eiteb- 
I lihed  In  term!  of 
i/item  level  f el  lure 
rete  end  minion 
tucceii  pi'Obebllltyi 
relleblllty  control 
by  quel  if icetion  teit 


o  Uie  contrector 
end  commercially 
evell able  method! 
for  btaringi,  geen, 
etc. 


Generator!  end  other  o  fdS  not  uied  but 


componmtt  which 
lupport  communica¬ 
tion!  tyttoni 


applicable 


c  784  utlifectory 
o  Prediction!  beied 


o  Operational  avail-  on  ilmtlar  type!  of 
ability  requirement!  equipment 
eitabllihed  per 
AR702-J  In  term!  of 
equipment  MTBFi  re¬ 
liability  control  by 
qualification  teit 


c  Diet  finite  elt-  . 
ment,  thermal  and  . 
meohenlcil  enelyili. 
at  component  level 


o  217  uied  at  black  , 
boa  level 


m 


i 


ONNAIRE  ON  RELIABILITY  PROGRAMS  FOR  NONELECTRONIC  DESIGNS 


STRESS  ANALYSIS 


FAILURE  RATE 


ANALYSIS/TEST/FIELD* 


■Porformed  on  ill  o  Utot  NFPA  tnd  ANSI  o  Ptrformed  on  <11 
iponanti  on  <n  on-  ttandardt  attambllat  •  tona- 

1n«  bull  In  „  uumflciMon  tots 

bmd  on  number  of  J  to 

cyclou  performed  J**, 

detact  potential 
failure  nodtt 


Ing  bull  In 
cordinc*  with  In- 
rn<l  procedure! 


Utei  finite  elo- 
nti  th«m<l  and 
Chanleal  <n<lyilt 
I  component  level 


o  Tin  mott  effentlee  o  For  Mill  I  sample 
method  to  ensure  lliti  accelerated 
adequate  lately  me-  t«*ti  in  ettenMal 

dim  InvolVil  tilting  <nd  very  effective 
the  non  dottgn  md 
comparing  results 
with  provlout  dotlgnl 


0  7111  applicable  - 
no  changes  required 

o  Mult  moot  specific 
numerical  require* 
ments  In  quillflce- 
1 1  on  tests 


217  utod  at  black 
H  lovol 


o  Acciipt/reject  crl- 
torn  bated  on  MTUF 
during  (0  day  Mold 
toil  or  In  accordance 
with  70IC 

o  )'HI  noodi  taiti 
other  than  oaponen- 
tlll 


(i  Difficult  to  i» 
exact  relatlomhlp 
to  increased  level 
of  “stress"  on  non¬ 
electronic  equipment 

o  Perform  accelera¬ 
ted  accumulation  of 
duty  eyelet,  often 
not  at  an  accelerated 
level  of  ttreu 


MISCELLANEOUS 


0  ILS  program  'need 
to  be  uaad  to  mini- 
mil*  duplication 


o  Correlation  betwaan 
reliability  prtdlc- 
tlom  and  tail 
reiulti  li  good  at 
long  at  Initial  pre¬ 
diction  it  updtted 


0  Correlation!  eery 
poor  -  too  many  varl- 
ablet  and  question- 
■bla  pro  d 1 c  1 1  on 
tachnlquai 


ffftsi  fftrafrtWffltrft?' « ?  »-*?*  m  ewe* 


SUMMARY  OF  RESPONSE  TO  QUESTIONNAIRE  ON  RELIABl 


HANAOWCNT 


Tandem  rotor  hollcop-  All  component!  con* 
ten  itltutlng  lyitw 


o  785  not  mid  but 
applicable 

o  kequlremonti/goali 
derived  fro*  oipected 
lovol  of  leproveawnt 
tn  removal  rttii  over 
older  tyitomt 

o  Reliability  control 
by  growth  monitoring 


u.U.’JMIl'lJ 


o  Block  dtagremi, 
allocation!  ond  pro* 
qietloni  mod  for 
reliability  inklylll 

o  Maintenance  optre- 
ttonal  adjuitmant 
fictort  utod  for  ro< 
liability  prediction 


Optics,  ACS  lyitomi 


fattened,  ACS  com* 
pononti 


o  785  rott  effective-  o  758  not  mod  -  doti  o  Performed  In  every 
Iftou  dopondi  on  colt  tourcot  proved*  In-  dollar  effort  ot  ill 
of  proorn*  lid  erl.  adequate  fit  loro  mod*  level!  por  1819 
ration 


Tocttcil  nlrcrnft, 
mini  lot/I  lunch 
vehleWi 


HydrnuMci,  turbo- 
fon  enalnot,  pit 
generator! 


of  program  ind  erl. 
tlcnllty  of  re  Hi* 
Oil  tty  gooln 

o  AiHiblllty  ro* 
qulrimonti  utlb* 
Hthed  in  Hum  of 
HT8F  ind  million 
tuccotn  probability) 
reliability  control 
by  quillf leition  toit 


II  iU'«‘iA'nuM*J'LUvidiliT  I 


o  785  mod,  appHee* 
bio 

o  Ail  lability  ro* 
qulramanti  mtlb* 
Unhid  In  tirmn  of 
ayatem,  nubiyito*  and 


Lif  ir  mi 


ability  control  by 
nyntom  lovol  toiling 
and  growth  monitoring 


o  781  not 
to  nonolot 
equipment  • 
toit  piano 


n  Low  offoctlviniia- 
prodlctlon  f acton 
not  will  undorntood 


o  Porformod  only  If 
called  out  In  con¬ 
tract  *  moderate 
offoctlvononi 


o  Utod  offoctlvoly 
to  form  a  bull  • 
than  modify  and 
odjuit  from  toit 
oxpirlinei 


o  Toit  ro« 
to  avoluitl 
ollity  ondi 
bonod  on  U 
and  follur* 


|o  7818  mod 

0  Wear-out’ 
In  ondunno 


Mtinllo  control 
lyitemi,  rocket 
anginal,  fuiei, 
lounchori,  etc . 


o  unit  bottom  up 
“hardware  approach" 
por  tank  101  para* 
graph  3. )  ot  1879A 

o  Should  bo  done 
early  to  Identify 
major  problem  areai- 
otherwlne  not  effec¬ 
tive 


o  Moot  coat  offoe* 
tlvo  method  for  Im- 
pruvlng  nonelectron¬ 
ic  rel  lability-mult 
be  approached  on  a 
itrength  vl.  itreil 
bntln 


Aircraft,  munition!, 
mint  Un 

Landing  gear,  air¬ 
frame.  eng  1  net , 
rocket  motor! 

o  755  not  utid  but 
applicable 

o  Reliability  re¬ 
quirement!  not  entab* 
Unhid  at  this 
facility)  reliability 
growth  modoln  and 
miniion  nuccein 
madah  mod  for  oval* 
uation  of  require- 
mentn 

o  717  prediction 
uniat  1  if actory  an 
they  only  look  at 
place  parti  vn.  total 
lyntem  and  do  not 
comtder  the  reel 
world  environment 

o  RADC  Notebook  uned 

fc 

o  Required  In  the 
development  proceii 
to  Identify  early 
corrective  ectloni 
and  reduce  overall 
fatlura  ratal 

Liquid  rockot  propul* 
alon  (tnglnan). 
marine  proputelon 
(fans  and  pumpi) 

Vilvei,  noiilen,  gen 
generator!,  Injec¬ 
tor!,  etc. 

o  705  mod  and  appli¬ 
cable  when  tailored 
to  oliminet*  thou 
specific  requirement! 
that  aru  unique  to 
electronic  equtpnent 

o  Reliability  speci¬ 
fied  in  tom  of 

1 1 f e/dursb 1 1 1 ty  re- 
qulrementii  rel Util¬ 
ity  control  by  growth 
monitoring  with 
Incentlven/oenaltlei 

o  Can  be  <n  effective 
tool  for  nupportlng 
conceptual  and  de¬ 
tailed  dealgn  efforts 
If  the  prediction! 
ere  baled  upon  “herd* 
date  from  tlmtlar 
product! 

o  Very  effective  tool 
at  ell  levele  If  It 

Is  performed  In  con¬ 
junction  with  the 
conceptual  end  do¬ 
tal  ltd  design  effort 

o  Noeattary  dealgn 
requirement  but  not 
normally  applied 
effectively  •  moot 
dealgni  are  to 
apecffied  margin 
with  no  correlation 
to  numerical  relia¬ 
bility  requirement! 
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WMSISiSB 


an  a  bull  • 
(Odlfy  and 
Lsfro*  ti*t 
l*net 


TEST  PR00RAM 


o  781  not  appropriate  o  Ovartorqua  and 
.  K..U  hw  .ui»  overtampireture  t*tt» 

ifliMVito'jr  °n 

an  agrtttlva  TAAF 
program  In  Maid  to 
matt  goal l 


PARTS  SELECT  ION 


factori  used  to 
pradlct  ra 1 1 «b 1 1 1 ty 


o  781  not  appropriate 
to  nonalactronlc 
equipment  •  Uelbull 
tut  plant  naedad 

o  Tail  result!  utad 
to  avaloata  rel la* 
b 11 1 ty  and  confldtnct 
baiad  on  tott  l lira 
and  fall  ur*«t 


o  7818  utad 

o  Near-out  examined 
In  endurance  tatting 


FAILURE  NATE 


I'J  til  Ji  I'll  WJ 


o  Conttant  failure 
rata  attuned 


fi  For  taitll  sample 
tliat  •  binomial  for 
IptelMn  reliability 
raquIranantt-Nelbul 1 
for  ipaclnan  tail 
tint  requlranantt 


MISCELLANEOUS 


a  Aoliton  table  uttd 
for  tccept/reject 
crlttrlon  and  rink 
factora 


o  Safety  margins 
attabllthad  through 
probablllvtle 
ttraoa/ttrtngvh 
ntthodt 

o  Failure  node  In¬ 
formation  it  notori¬ 
ously  Inodaqulta 


l  cost  affac- 
Wthod  for  In- 
(0  nonalactron- 
Liability-mutt 
iroachad  on  a 
(tli  vt.  ttratt 


o  781  not  utad,  not  o  Uatt  mat  hod  far  a  Good  minagamant 
appropriate  maturing  tyitam  Ufa  tool  for  tracking 

o  Qualification  teiti  ,n  dhvelopmani  davalopnant  program 
are  mandatory  to  o  AM5AA  or  tlmlltr 

uncoyur  problem  great  o  Method  ior  accaler-  modal  utad 
mlttnd  by  analytical  atad  to  real  time 
methudt  conversion  It  needed 

o  Perform  production  o  Arrhunlut  relation- 
reliability  voriflca-  thlp  utad  -  minimum 
1 1  on  tests  H*R  j  h*30  desired 


n  A  central  driving 
force  for  parti 
standardisation  It 

noodod 

b  Consent  failure 
rati  illumed 

o  Poor  numerical 
corralatloni  -  quali¬ 
tative  atpeeti  of 
prediction  may  ba 
more  uieful 

o  Error  from  con¬ 
ttant  Failure  rata 
eitumptloni  signifi¬ 
cantly  1m  than 
arrori  cauaad  by 
data  trinilotlon, 
small  temple  tliea, 
ate. 

o  Ut*  pub  11  shod 
dotlgntrt  handbook 
( approved  parti  Hit) 

o  Larga  design  vari¬ 
ance  batwaan  mtehin* 
Icel  aoulpmant  - 
standardlfitlon  mutt 
ba  basad  on  contnon- 
allty 

o  Plot  retultt  on 
Uelbull  paper  to 
check  for  Increailng 
wear-out  type  failure 
whin  aitumlng  con¬ 
ttant  failure  rata 

o  Hath  modal  r«1  la¬ 
bility  prediction! 

♦  »  of  field  tett 
reaulti  after  matur- 
Hy 

o  Nonalactronlc 
equipment  fit  lures 
in  field  can  often 
ba  traced  to  Im¬ 
proper  ttretl/ 
strength  antlyalt 

In  design 

o  781  not  ii'iUd 
o  Growth  model  up¬ 
dated  with  test 
results  vt.  predic¬ 
tion 


o  Netdt  to  ba  pur-  o  Utad  to  determine 
(ortniid  on  munition  the  expected  Impact 
tystomt  that  tpend  of  rnl lability  on 
the  majority  of  thalr  the  total  tyitam 
life  In  the  dormant  maturity 
state 


o  Conttant  falluri 
rati  assumed 


s  Good  corralatloni 
if  r«l lability  it 
evaluates  under 
correct  field  con¬ 
dition! 


o  Very  few  Items 
rtquire  tatting  to 
demonttrate  a  prede- 


o  Seldom  utad  tine* 
retultt  cannot  ba 
correlated  to  tqulp- 


tormlnnd  reliability  mint  reliability 
due  to  cost  consider-  level  at  nominal 
atlons  conditions 


o  Cumulative  fallurat 
vt.  cumulative  tatt 
•xperltnct  It  t  vary 
powerful  tool  for 
nonelectronic  equip¬ 
ment! 

o  Monitoring  of  rell- 
ability  growth  rates 
It  an  ‘ebiolute  mutt 
do"  tu  support  pro¬ 
gram  decisions 


o  Conttant  falluri 

rata  ataueied 


o  Vary  gnod  analytia/  o  Probabiltittc 


field  tyitam  1  aval 
correlation 


dea ion  method 
thouid  ba  encouraged 
whan  weight  la  a 
problem 

o  Reliability  (paci¬ 
fication*  for  larga 
vt.  tmiH  rocket* 
thouid  be  handled 
differently  due  to 
high  colt  of  teatlng 
higher  thrutt 


SUMMARY  OF  RESPONSE  TO  QUESTIONNAIRE  ON 


RCSP0KS6  MANAGEMENT 

COPE _ SYSTEM  COMPONENTS  WOMAN 

55.  Air  coapniiori,  Valval,  bearing*  and  o  785  applicable 


o  766  untetlifeetery  o  Performed  only  If 
pump*,  clutnhei.  othor  component*  far  „  . .. .  .  _ required  undar  ean- 

S?!ahDDroBan»riUbU  rtf,rinc,d  *>“*"*  SudTdat^'m  ?op  Jr.i  Id. Jfif ?“  «?"'  tr«l  PW  »«* 

Phqm  propanart  Let  -.it, him-  ii»i 


Aircraft  aubtyatami 


Nonaleetroele  air¬ 
craft  iqulpmtnt 


Danaratort.  air  con¬ 
ditioning  unite, 
prlntari,  ate. 


SwItchPt,  re  lay i , 
gaara,  motori,  ale. 


Full  tystant,  power 
train*,  tuaoaniloni 


Navy  and  Air  Farea 
aircraft,  hydrofoil, 
gun-hoata,  windmill*, 
tolar  hat  xatar 
hiatort 


Flight  inatrumama, 
tantora,  gyrot 


law!  reliability 
requirement* 

a  Si  liability  growth 
monitoring  uttd  to 
anaura  requirement* 
ora  mat 


o  765  applicable 
a  Raltablltty  pro- 


tlcal  equipment*  o  Effactlva  In  Idtn- 

where  rallabillty  tlfytng  equipment* 

Improvement  would  be  with  high  probability 


moat  colt  affective  of  failure 


a  Providei  ataurance 
of  meeting  ipactfled 
reliability  mqulre- 


grama  contain  t  m  lar  *•»*««*»  require- 
teak  el  Menu  to  JfiS  "*«t*  and  tracking 

Ur.Si'alaiLS  a?  at  thi 


a  755  not  uaed  but  a  755  not  adequate  o  Performed  if  o  Vary  colt  efftc- 

conildirad  applicable  for  moatly  mechanical  required  by  contract  tlva  at  part  lave) 


o  Uaed  for  early 
determination  or 
failure  model  end 
eveluetton  of  their 

and  a»  tallc-ad  aeniivameni  ei  me  criticality  to  feell* 
‘pacific  proSISm  devalnpt  Hat.  timely  ravla- 

Ions 

qulreejnti'eitab-  0  lnt?rn*'  procoduraa 

llihad  In  tarni  nf  ia»o*  4t*  c’°”'y  to 

lyitam  leva!  failure 
ratal  with  eating Ive 
uie  of  math  nodal i 


o  Reliability  ra- 
qulramanti  aitab- 
Hihad  in  umi  of 


lyitemi 

0  Cntt  effactlva  if 
accurate  part  level 


lyitam  level  failure  failure  retet  are 


ratu  and  million 


available 


lueceii  probabllltyi  ^ MUM„, 
rallablltty  control  •  ?P**  ft,?™,  ‘ 
by  qualification  tait 

and  growth  monltorln,  % 
continued 


Seninn,  hydraulic*, 
automotlvi  control  a 


o  M!  utod  and 
applicable 

o  Reliability  re¬ 
quirement!  eiteb- 
Itlhed  In  termi  nf 


o  755  mil.  yetHfit- 
lory 

o  Internally  con¬ 
trolled  t»*t  data 
bait  uiwd  for  non¬ 


par  1629 

o  Coil  effective  for 
minion  critical 
failurai 

o  Top  down  (fault 
tree)  on  crltlcil 
Ittmi  only 


o  Not  effective  -  uie 
onlv  If  required  by 
nontraet  per  1579  and 
ARP-PS6 


lyitam  level  failure  electronic  component* 
r*t»*  and  minion 
luccai*  probabllltyi 
reliability  control 
by  growth  monitoring 


o  755  uted  and 
applicable 

n  Reliability  re¬ 
quirement*  eitab- 
lllhqd  In  term*  of 
lyitem  laval  fall uro 
rate*  and  minion 
mcceii  probability 

o  Many  requirement* 
nave  reliability  dam- 
onitratlon  require¬ 
ment*  and  limited  Rlw 


o  Teiki  tailored  for  o  756  not  latlifac-  o  Performed  only  on 
each  program  Umllar  tory  lafaty  related 

18  m  o  K-recton  from  pan  equipment! 

o  Requirement*  ntab-  e«perlenc#  uied  to  n  Neqaiiary  but 

llihod  In  termi  of  adjust  lib  taitl  to  difficult  to  aulgn 
MTBF  field  reliability  failure  modes  and 

prediction*  diitrlbutlom  to 


o  8IDEP  and  Internal 
eiperlanca  mud  for 
failure  ratul 


diitrlbutlom  to 
plica  parti 


««WWiWv*l(mrvv:;n.>fcr'.r  ,,  ah,.. 


IONNAIRE  ON  RELIABILITY  PROGRAMS  FOR  NONELECTRONIC  DESIGNS 


TEST  I1!U(1BAH 

0  Ml  used  but  not 
appropriate 

o  Test  results  titetl 
to  update  -.popular 
program 

o  Maintainability 
demonstration  tusts 
give  HTTP  data 


ACCELERATED  TESTING 


WCLIABIL1TY  GROWTH 

o  Used  tn  ensure  tut 
tup  levol  require¬ 
ments  of  tilt  ihlp  art 
not  during  develop¬ 
ment  and  construe- 
tlnn  phiti 


PARTS  SELECTION 


FAILURE  RATE 
DISTRIBUTION 

o  Conttant  fallurt 
raU  assumed 


ANALfSIS/TEST/FltlD- 
USE  CORRELATIONS 
o  PflAP  program 
prod  let  I ona  hay* 
matched  flaat  per¬ 
formance  of  sampled 
equipment 


MISCELLANEOUS 
come  NTS 

o  A  handbook  It 
natdtd  which  approa- 
chaa  reliability 
analysts  from  a 
mechanical  daslgn 
viewpoint  where 
(trail  analytlt  It 
Included 


Vary  cost  effec- 
Ive  at  part  level 


n  New  781  pneodurpt 
npeded  with  teat 
condltlona  for  non¬ 
electronic  compo¬ 
nent!  tucli  at 
hydraulic  actuotora 
and  control  valvet 

o  Factor!  era  applied 
to  lab  testt  to 
account  for  the  pro- 
potml  use  onvlronment 


o  /ill  not  appropriate  o  Use  eluvatud 
u  Test  results  are 
used  to  recalculate 

cumulative  ,nd  In-  "^,r* 

ttaotanuout  MTBF  U  n  t,,,ctlv*l'»“ 


p  Aiaatiment  of  o  A  Prograa  Parti  o  During  flight  tuts 

achlevad  reliability  Satactlon  List  la  NTBF's  an  calcuiatid 

against  good  growth  davaloped  by  Intarna)  and  munad  to  foltiw 

curvai  can  warn  of  standards  function  conitunt  fallurt  rse 

the  possibility  of 
not  maetlng  require¬ 
ments 


o  Customer  applies 
the  Duane  model 
requesting  a  growth 
rate  (alpha) 


o  Us#  a  sarlas  of 
standard  parts 
manuals 


o  Constant  fallurt 

rate  anumad 


o  Good  pradlctlon, 
test,  field  use 
eorrelatlonl  for 
mttur*  systems 


o  Component  opera¬ 
tional  and  logistics 
reliability  predic¬ 
tions  art  used  In 
modflt  to  determine 
sysltm  mission  and 
logistics  rtllahi  Il¬ 
ly  then  compared  to 
re! Ilbl  llty  require- 
ments/qoalt 


o  In  development  of 
ground  radar  system! 
nonelectronic  parts 
reprasented  10*  of 
predicted  failure 
rut*  but  80*  of 
actual  failure  rate 
due  to  lack  of  re¬ 
liability  attention 
to  nonelectronic 
Items 


o  Growth  requirements 
specified  and 
measured  by  Duane 
mods'  I 


n  fill  applicable  and  a  used  or  a  IlmlUn 
used  lor  testing  bails  only 

o  Previous  osporlanc* 
nnd  ups>Ps.tlonal 
ratios  determined 
lrsi.li  lab  testing  used 
to  adjust  lab  to 
fluid  reliability 


u  7>jl  used  and  appro-  o  Useful  and  cost  o  Monitored  using 


u  Constant  fallura 
rata  anumad 


o  Good  correlation 
between  tail,  pradlc¬ 
tlon  and  field  use 
results 


o  Constant  f al lure 
rat*  attumtd,  how¬ 
ever,  have  tracking 
growth  mode  Is 


o  "Ibilw  of  tliurnh"  - 
testing  3k  better 
than  field  perform- 

area 


u  UIV-U  I  BMW  %V»»  u  rvn  I  sv>  Cll 

effective  for  parts  field  date 

where  fatigue  Is  of 

concern 


o  hull  ability  demon-  "  D’ 

slratlonfnvaluatlan 

tests  usnd  to  ensure  o  Temperature  cycling 
roqulrements  are  met  used 


o  Utn  company  pre-  P  Conttant  failure 
fyrred  slarvlard  parts  rate  assumed 

Pit 


o  Uood  corralatlona 
when  blued  on  peat 
field  performance 
data 


n  For  small  sample 
slims,  enst  offer- 
tlvonass  based  on 
failure  Impact 
determines  number 
of  test  samples 

o  Achievement  of  re 
liability  for  non¬ 
electronic  diivlcws 
requires  a  standard 
I  ration  program 


o  Uaes  series  model 
for  logistics  sup¬ 
port,  mission  rpl la¬ 
bility  block  diagram 
for  mission  require- 


ite/gih 


•"s'  •“•TO' 


SUMMARY  OF  RESPONSE  TO  QUESTIONNAIRE  ON  RELIAl 


RESPONSE 

COPE 


MANAGEMENT 

_ SYSTEM _ COMPONENTS _ PROGRAM _ PREDICTION 

Commercial  tranaport  Components  of  refer-  o  Requlrementa/goali  o  Extant IvaTy  used  •  o  I 

airplane  ty a tarns  -  enctJ  nystems  bind  on  componint  both  uftty  and  cott  to  lyttM  probtbt  1 

electronic  and  non-  MT8F  warranties  affectlveneil  are  analyses  it  eompom 

o  Probability  studlet  dominant  iietora 
of  dtipatehlno  m  o  Moltly  u.i  Intirml  **my  ”"p,et,9t 

ilrplim  on  tin*  data  bint  of  courier-  o  Eipeelaiiy  nitot 

performed  cUT  airplane*  for  ntw_ technology 

o  Qualification 

tlltt,  reliability  op 

growth  monitoring  ind 
R1U  used  to  anture 
riqulnminti  in  mat 


STRESS  ANALYSIS 


o  Uiid  It  l  prtludi 
to  lyttM  probiblllty 


imlyni  it  componint 
level  to  obtain  i 


o  Eipeelelly  nndid 
for  new  technology  or 
critical  (nfity  or 
operational)  lyitimi 


o  Develop 
prof (III  n 
houra,  t«ij 
vibration) 
neceaterll 
thllt  prof 


Vanes,  flow  itniori, 
phm  change 
mitirlili 


o  788  applicable  with  o  7SS  It  ob<i)1otl  for  o  Viry  effective  bt- 
iom  tillorlng  ivirythlng  cion  mechanical 

o  N.mlictronlc  o  217  should  dovot*  •"  ,ul>J,ct  t0 

ralliblllty  1i  only  son  rinirch  to  low 
i  mill  pirt  of  totll  populitlon/hlph  fill* 
reliability  iffort  ura  riti  parti 

o  Requlrementa/goall 
band  on  ilmtlarlty 
to  known  deilgnt 


o  OuiHfidJ 
hivi  iom  I 
irt  aatrMfl 


Alrcraft/mlislle 
flight  control i  and 
mechanical  systems, 
rill  tranilt  vehicle 
ayittmi 


o  Ralliblllty  re»  o  Qoaitlonabli  ‘tel 

qulrementi  astab-  nkal  vatua  axcipt 

llthad  In  t«rmi  of  for  avaluatlon  of 

lyitam  1«v«1  failure  relative  merits  or 

raiea,  minion  t«o  dailgn  propoia 

iuccen  probability 

and  lafatyt  rella- 

blllty  control  by 

growth  monitoring 

and  r!W  with  tncm- 

tlvei  and  ptniltln 


o  Questionable  ‘tch-  o  Molt  valuabla 
nkil  value  axcapt  anaiyill  available 

r*Ltli»Umar1tt°of  0  S*,,ty  £,r*«ot,d 

tSi  d«*gr5rwoSlli  *n"y‘u  p'rf0™d 


o  i'nful  for  alee- 
trnnkt  ind  bnlc 
itructurn  If 
apr'lad  anvlronmonti 
art  accuritily  known 

o  Not  vary  affactlva 
at  dotal  led  compo- 
nant  lavil  dua  to 
poor  anvlronmaritil 

data 


o  Qualified 
Ing  of  1 Itt 
tine*  undor 
lata  in  deg 
cyei* 

o  Simp  la  tl 
development 
band  on  btl 
nnglnaerlng 


Hid*  ring*  of  elec- 
tronlc/elctro- 
machanlcil  tyttemi 


Component!  conitltut-ld  78S  not  appllciblt  |o  756  uniat Isf actory  |o  Unfut  for  qqilltl-lo  Effactlva  for  unit  o  Tail  rail 


Ing  rafarancad  tyitam 


Military  tramport 
llrcraft 


o  Ralliblllty  re- 
qulramanti  ettab- 
lllhad  In  tarmi  of 
lyttem  laval  fallura 
ratal 

o  Parti  iptclflad  by 
derating  and  quality 
part  laval 


o  ’86  und,  appllci- 
bly 


tlva  iifaty  analyiai  and  componint  itruc-  to  aitablll 
tori  1  and  moving  tlva  actloii 
pirts 


o  Nndid  for  trada/  o  Single  most  impor-  o  Important  for  com-  o  Quail  Meal 


cott  banaflt  itudlai  t ant  ralliblllty 


o  Tampariturti  preit-  o  Baiad  on  hlitort- 
ura,  vibration,  cal,  AfR  66-1,  Navy 


ura,  vibration, 
humidity  usage  pro- 
f 1 l*i  •itabltih»d 
for  alrcraft-mlulon 
aucctit  probabtlttlai 
and  failure  rata 
requirement! 
established 


3-M  and  commercial 
airline  data 


analysli  tool  •  per¬ 
formed  on  molt  design 
afforts 

o  lisas  SAE  ARP-126 


ponint/equlpmant 
deslg"  assurance 


routinely  rj 
to  monitor  I 
ty  growth  ■ 


Hydraulic  and  alee- 
trlcal  turret  and 
antenna  controls 


Oyroi,  torquari, 
hydraulic  actuators 


o  Tailoring  aspects 
of  78$  make  It 


e  Of  vary  Hmltad 
value  -  sum  of  fall- 


o  Seftty  Is  the  prime  o  Worst  can  itraii  a  781  "ifti 
concern  of  any  FMEA  dettrmlned  for  crlt-  taitlng"  1i 
.  r...u  c.  ....... i  ..  <ca'  items  at  part  prleta  •  ui 


applkeble  to  any  ura  rates  and  rtlta-  .  r.,jM  K,  lea'  Items  at  part  priate  •  uli 

program  and  all  typas  blllty  models  are  .ii  i.u.i!  level  -  fit tgu*  required  udl 

of  Equipment  used  9  "»de!l  died  trect-new  M 

on  mt  wimy  \o  1 

o  Reliability  InMutnct  dtilgn  •  rtquirta 

requirement*  estib-  timing  becomes  crltl-  o  Test  relUl 

1 1  shed  Interns  of  cal  factor  perlurilcelM 

failure  rate  and  to  vartfy  1« 

mission  success  original  ail 

probiblllty  Mill  hold  i 


on  the  ability  to 
Influence  design  • 
timing  becomes  crltl 
cal  factor 


Effective  f Ot*  unit  o  lest  results  used  o  Effective  for  com' 
I,  component  tteue-  to  establish  cprree-  oonent  end  system 
J*l  end  moving  tivo  actions  moving  parts 


o  Quo  I i f  fc At  ion  tests  o  Not  routinely  used  o  Growth  curves  |o  R  ltinderd  pirti  o  Exponent  I • 1  dlstri- 
routinely  required  because  of  uncurtain-  specified  by  customer  menuel  Is  maintained  bution  contidered 
to  monitor  reliabtlt-  ty  of  acceleration  and  proposed  to  by  with  approved  fast-  satisfactory 
ty  growth  factors  the  contractor  aners,  switchas, 

relays,  lights,  etc. 


o  Too  many  variables 
exlat  to  expect  to 
cover  them  In  one 
handbook 


o  781  "after  the  fact  o  Performed  only  on  o  Should  not  be 
tailing"  Is  inappro-  the  most  crtcital  needed  if  other 
prlete  -  used  oniy  If  items  at  lowest  level  analyses  ere  done 
required  under  con-  of  assembly  practical  properly 
tract-new  procedures 
required 

o  Test  results  are 
periodically  reviewed 
to  verify  If  the 
orlglnel  assumptions 
still  hold 


o  Field  NTBf  much  o  Recommends  Beyslen 
lower  then  predicted  statistical  tech¬ 
niques  to  reduce 
test  time 

o  Moving  pert  prob¬ 
lems  usually  design 
or  tot  workmanship 

created 


SUMMARY  OF  RESPONSE  TO  QUESTIONNAIRE  ON 


RESPONSE 

CODE 


SYSTEM 

Environmental  con¬ 
trol,  fllgh.J  control, 
landing  gear,  struc¬ 
tures,  etc. 

Miscellaneous  compo¬ 
nents  'constituting 
referenced  systems 

Tanks,  tricked 
vehicles,  wheeled 
vehicles 

Tracks,  tires, 
engines,  transmiss¬ 
ions,  axlis,  ate. 

Attitude  reference 
systems,  office 
copiers,  sonobuoy 
receiver  eyitems 

Gyros,  copltr  com¬ 
ponents  puch  as  pipir 
faadari,  document 
handlers,  photorecep¬ 
tors,  sorters,  etc, 

Wind  tunnels,  steam 
plants,  compressor 
stations 

Valves,  pumps, 
filters,  fittings, 
etc. 

Wide  range  of  tele¬ 
communications  equip¬ 
ment 

Hydraul'c  actuators, 
fluidic  amplifiers, 
logic  devices 

flow  mvvers,  tamper-- 
ture  sensors 

MANA8EMENT 


qul  raiments  based  on 
operational  Impact 
requirements  for 
modifications  battd 
on  economic  payback 


reliability  analytic  and  develop  Initial 
nalntnnanca  plan 


AUSIS 


o  Uaad  In  qualitative  o  For  structures  uae 

way  to  aupport  MSG  retldual  strength 

and  develop  Initial  crack  propagation 

maintenance  plan  rate 


o  Judicious  appllca-  o  758  useless  o  Very  effective  at 

11  e#,t  »  Mo.tly  Ineffective 

effective  due  to  leek  of  good  IST 

o  Reliability  re-  techniques  and  data  "un  r*  '*ol  uv/ 


o  Reliability  re- 
ulre.nents  baaed  on 
ureblllty  life  for 
major  subsystems  and 
HTBKA 


formed  by  deslqners 
with  reliability/ 
maintainability 
personnel  monitoring 
effort 

o  1529  used 


o  Effective  If  per¬ 
formed  probabilisti¬ 
cally  but  nut  enough 
people  know  how  an 
do  It 


o  785  not  used  but 


requirements  estab¬ 
lished  In  terms  of 
system  level  fal  lure 
ratal  reliability 
control  by  qualifica¬ 
tion  test,  growth 
monitoring  and  R1U 


o  Guana  growth  o  Effective  In  prior-  o  Imposed  stresses 

model  and  Welbull  Itlilng  areas  with  on  piece  parts  corn- 

analysis  used  h<gh  effect/occu.  r-  pared  with  calculi- 

o  Predictions  should  «•  «"P«et  at.  system  ted  safety  margins 

be  superseded  by  the  By" 

"ft*  effectiveness" 
methodology  once  hard 
data  becomes  availa¬ 
ble  through  TAAF 
efforts 


0  NASA  NHB  5300.4  o  No  opinion  -  not. 
used  for  reliability  popular  for  ono-of- 
prcaramtl  require-  a-ktnd,  extreme 

moots  developed  In  environment  Items 

terms  of  safety  end 
margin  type  testing 

p  Analyses  are  quel : - 
tattva  and  used  tc 
evaluate  risk  or  do 
tradeoff  comparlsoni 


o  Most  765  tasks  are  o  Predictions  only  o  Effect  two  but  high 
applicable  te  both  as  good  as  available  In  cost 
nlietronlc  and  non-  data  -  717  used 
electronic  systems 

o  Reliability 
requirements  estab¬ 
lished  In  terms  of 
mission  success 
probeblllty  end  fail¬ 
ure  ratej  quelirtca- 
tion  tests  and  growth 
monitoring  used  to 

ensure  requirements 


sldered  not  cost 
effective  for  non¬ 
electronic  units 


o  Design/material 
Improvement  Is  easy 
to  see  without  wast¬ 
ing  time  and  money 
on  uoubtfut  numbers 


gSffitgSgBa 


Tv 


TIONNAIRE  ON  RELIABILITY  PROGRAMS  FOR  NONELECTRONIC  DESIGNS 


STRESS  ANALYSIS 


o  For  structures  use 
residual  strength 
crick  propagation 
rite 


It  ST  PROGRAM 


ACCELERATED  TESTING  I  RELIABILITY  GROWTH 


PARTS  SELECTION 


o  Used  for  struct¬ 
ures,  fatigue,  ind 
ultimate  yield 
strength 


o  Rite  of  unscheduled 
remove!  versus  hours 
ire  used  and  projec¬ 
ted  for  next  calendar 
year 


FAILURE  RATE 


DISTRIBUTION 


o  Assume  constant 
failure  rite  distri¬ 
bution  for  complex 
units  2/3  of  time 


ANAIYSIS/TEST/FIELO 
USE  CORRELATIONS 


o  Reliability  pre¬ 
dictions  seldom 
account  for  In¬ 
terview  exposure  to 
accidental  environ¬ 
ment  severity 


MISCELLANEOUS 


o  Effective  If  per-  o  Testing  procedures  o  Not  used  due  to  o  Test  results  used 
formed  probablllstl-  based  on  durability  Insufficient  correle-  for  Ouene  plot  of 
celly  but  rot  enough  life  requirements  and  tlon  of  test  results  data  against  growth 


people  knou  how  and  confidence  desired! 
do  It  truncated  tests  not 

generally  used 

o  7BI  seldom  used  and 
nol  applicable  to 
nonelectronic  equip¬ 
ment 


to  nominal  operation-  projection 
el  performance 


o  Exponential  dts-ri-lo  Correlations  vary 


button  assumed  for 
reliability,  gener- 
illy  binomial  for 
durability  failure 
rate 

o  Rolmegov-Smlrnov 
tests  check  validity 
of  mumad  failure 
rates 


widely  due  to  test/ 
field  conditions  end 
human  factors 


o  Imposed  stresses 
on  piece  parts  com¬ 
pared  with  calcula¬ 
ted  safety  margins 


0  Mll-STO-W  used 
and  applicable  If 
tal lorod  td  mechani¬ 
cal  systems 

u  Sample  sixes  hosed 
on  cost  constilura- 
t  Ions 

ii  Run-In  tests  per¬ 
formed  (luring  manu¬ 
facturing 


o  Very  good  If  o  TAAF  combined  with  o  Critical  carts  are 

applied  early  In  sub-  reliability  predlc-  subject  to  lot  saaip- 

kystem  test/analyic  tlon  It  the  most  ling  control  to 

phase  to  probe  for  effective  means  to  specified  LTPD,  AOQL 

weaknesses  control  and  Improve  numerics 

o  Safety  margins  for  “"electronic  equlo- 
trltlcal  environments  1 
are  determined  hy 
overstress  testing 


o  Field  results 
demonstrete  higher 
reliability  than  ;n- 
house  test  and 
analysis  risults 


o  Major  breakthrough 
or  fresh  epproach 
needed  to  Improve 
mechanical  reliabil¬ 
ity 

o  Due  to  variety  in 
application  .’actors 
a  succ  stful  data 
base  and/or  relia¬ 
bility  prediction 
method  does  not 


o  A  handbook  is 
possible  to  provide 
methodology  and  data 
but  methods  should 
be  empirical  and 
easy  to  apply 


o  Constant  failure 

o  Poor  field  data 

rate  assumed 

for  comparison 

o  Constent  fal  lure 

o  Experience  shows 

rate  assumed 

failure  rates  are 

?»!0  times  higher 

than  predicted 

o  Mechanical  compo¬ 
nents  of  systems  are 
treeted  as  electron¬ 
ic  In  appl i c at  1  on  of 
7flS  and  Till 


o  Contractors  Judge 
Interpretation  of 
rules  (relevant  vs 
nonralevant  fail¬ 
ures)  to  pass  a 
demonstration  lest 

o  Semple  sire  is 
dollar  limited 


SUMMARY  OF  RESPONSE  TO  QUESTIONNAIRE  ON  RELI 


RESPONSE 

coot 


management 


Hydraullci  tqulpmnt,  I Pumpt ,  ictuitort. 


•diction  inti, 
ft IgHt  control 
lyitw 


turblnti,  vtlvts 


74,  8-1  itructurt,  pro-  Rtdir  rotiry  Joint! 

pultlon  ind  control  too  ptdtitili, 
lyitiat,  tpoct  thut-  piping,  thorn*  1 
tit  itructurt  thtmil  dlulpotori 
protootlon  tnd  con¬ 
trol  tyitMi)  utol- 
II  to  tnttnnii 


o  Million  rtlliblllty  o  Uitd  for  prollmt- 
aviluittd  by  conptny  n«ry  dot  I  gn  objtc- 
dtvtlopid  computir-  tlvot 


liod  nodal  or  proba- 
blllitlc  ttehnlguii 
llmllir  to  756B 

o  MitnUntnct/loolt' 
tlci  rolliblllty 
util liot  MTBF  snd 
MTBMA 


o  RtUtlvoly  Ion 
impact  on  product 
rollablllty 


STRESS  ANALYSIS 


o  PtrforMd  If  undtr  o  Effoctlvtntii 
contriet  ptr  1629  it  llmltad  to  lifoty 
tyitoa  laval  itmltlvo  eompontntt 


o  Rolliblllty  o  Imuff Iclont  data-  o  Current  ENEA  pro-  o  Btcauit  unit  tit- 

rtoulrmtnti  tltib-  Mild  itrvlct  dtti  ctdurtl  do  not  mtntt  tro  tttndtrd- 
llthtd  In  ttroi  of  It  not  rtturnod  to  iddrtit  frocturo  Ind  thty  trt  not 
ttrylct  lift,  fillura  dtilgn  or  rtlliblllty  ntchtnlet  or  contlnu-  itrtu  antlyitd 
rttti  ind  minion  inglnttri  ua  mtchtnlei)  ftllurt  tfttr  btlng  uitd 

l!^!!upub™!!ity'  o  «■  ««•’  •»"  "1th  •uccm 

foil  I?  if'..  do  not  P|,*y1d* 
ki.HnoC?n  data  1  ltd  data  on 

manta  *  ”  *,u  r,“  nomlictronlc  Ittrni 


o  781  uud 
In  lyitM 

o  781  nttdi 
dlitrlbutl 
tutting  « 
tdtquait  it 
thermal /ftb 
tntlytli 


Codt  matrix  rtidtr,  Motor!,  mtttri,  f ant, 
owtr  d 1 itr I  button  clbltl,  film  track*, 
on,  Hr  conditioning  ctmtrit,  loltehti, 
rtliyi 


o  RAOC  Nottbook  tnd 
717  uitd 


Nlictllantoui  -upon  Control  I,  dliptniiri  o  Emphnli  it  thll  0  756  uitd  il  ont  of  o  Only  ptrformed  If 
ivlttmt  fid  1 1t v  It  on  th»  iivinl  tooli  for  rtoulrid  undtr  con- 


mtnuficturlna  upictl  prediction 
of  Induitrlil  con- 
tricti  •  7M5  nnt  uitd 


Nuclvir  Hitponi,  tank  Mtchmlcil  tlmcri, 


inmunltlon.  tink 
gum,  irtllltry 
t  tit  111 


biromutilc  timing 
dtvicn,  pntumtllc 
logic  control!,  ate , 


Hldt  ringt  of  mili¬ 
tary  iltctronle 
tytttmi 


o  Rtlliblllty  o  Uitd  to  dittrmlni 

rioulrtmtnti  trt  If  dot Ign  objactlvti 

bond  on  uitr  minion  cm  bi  ichltvtd 

"!!?!  o  Effictlvi  If  In- 

ss’ww  ir d,u "  iy""' 

ttrmi  of  MTBF  it  l>" 

lylttm  tnd  eomponmt 
Itvtli 

o  Quillflcitlon  tmti 
ind  gioNtn  monitoring 
uitd  to  tiiurt  n- 


iciau^iti  uty.iu.Lwp  i 


o  Efftetlvt  il  nlghtr  o  Ef f act  1 v*  it  pirt 
Itvtli  livtl  on  mttilllc 

0  Performed  only  If  ,Ul"*  *"d 
dttmtd  btntflclil  to  o  Conputtr  intlyiti 
ptrtlcultr  contract  uud  for  mtchmlcil 
Itrtngth  of  plica 
pi-tt,  l.g..  flnlti 
iltmtnt  mtlyili 


o  7BBB  <i  griduitly  o  Mirglntl  effective-  o  Colt  effective  for  o  (iltntlil  -  tint- 
btlng  phaud  Into  nut  dut  to  probltmi  dlrtctlng  fgrthtr  clilly  for  novtl 

divtlopmtnt  contricti  In  trmiftrtblllty  of  rtlliblllty  milyili  dillgni  or  novtl 

nlitorlctl  dttt  from  ind  milntininci  ipplicitloni  of 

lyitw  to  lyittm  punning  tnlctlng  dillgni 

o  NASTNAN  uitd  on 
tomt  critical  itruc- 
turil  dillgni 


Mre  on  reliability  programs  for  nonelectronic  designs 


TEST  PROORAN 


ACCELERATE!)  TESTING  RELIABILITY  MOWTH  PARTS  SELECTION 


o  Incorporated  In  o  'Use  standard  parts 
proposed  programs  at  Mnuil 
system  level  md  for 
m»J«r  components 


FAILURE  RATE 


AHALYSIS/TEST/F1ELD 
USE  CORRELATIONS 


0  791  used  only  vlth 
In  system  context 

o  791  needs  Uelbull 
distribution  blind 
testslng  coupled  with 
edequete  stress/ 
thermel/fittgue 
enelysts 


o  Accept/reject  crl-  o  Perforin  Increesed 
ter  I  e  per  791  temperature  end 

vlbretlon  tests 


o  Not  performed  for 
nonelectronlct 


Orly  by  f 
ert  number 


MISCELLANEOUS 


o  70S  food-presents 
stenderd  tesks  to  be 
soledtlvely  tellorod 


o  70S  sketchy  slncer 
IT  does  net  Include 
enelytlcel  end 
ex per Inert e 1  beck- 
ground  In  mechenlcel 
reliability 

0  RAOC  NPRD  used 
extensively 


Accept/rejecl 
itermlned  by  number 


determined  by  n 
of  let  lures  por 
number  of  hours 


o  Constent  fel  lure 
rete  essumed 


o  Relleblllty  predlc-  o  A  uerrenty  provls- 
tlons  ere  better  then  Ion  Mould  be  best  In 
ectuel  performence  789 

o  Test  MTBF  close  to  o  Add  7BI  test  to 
field  MTBF  Increese  cycling  end 

tempereture  extremes 
for  springs,  velves 
end  llnkeges 


I  et  pert  0  Functlonel  end  o  Effective  only  for  o  Predict  e  reason- 

Kellie  environmental  mission  corrosion,  overstreis  able  gruHth  Curve, 

Ijestlcs  profiles  developed  metal  strength  test-  then  tract  It  based 

MMlysas  for  comP0'’*nt4  ln9  *nd  the  like  on  test  date 

Khenlcel  o  Tests  designed  to 
t, piece  detect  rearout  - 
[j  finite  rsrely  test  to  fall- 
flysli  ure 


o  Due  to  sparse  data  o  Systam  level  fault 


In  meager  or  non- 


tree  analysis  useful 


existing  date  bankt,  for  pre 1 Imtnary 
predictions  ere  use-  Information 


predictions  ere  use¬ 
less  •  tests  ere 
reillty 

o  8ood  correlations 
obtained  between  test 
results  and  field 
performence 


RESPONSE 

cogs _ 

79. 


i 


80. 


81. 


82. 


83. 


84. 


I 


SUMMARY  OF  RESPONSE  TO  QUESTIONNAIRE  ON  RELI 


SYSTEM 

COMPONENTS 

HANASEMENT 

PROGRAM 

PREDICTION 

FMEA 

.STRESS  ANALYSIS — _ 

f 

TESY  | 

Rader  tyitemt 

Synchrot ,  motor* 

o  785  uiod  *nd 
tppllcibl* 

o  Performed  In  ac¬ 
cordance  with  1829 

o  781  mail 
apptlrabli 
lirn'rovemei 

»r  ]  MriTt  t  flna 

Pltc#  pirtt  for 
referenced  lyttem* 

o  785  uttd,  md 
applicable  •  tht 
Intuit,  purpoto, 
technique*.  otc, 
nr*  generally  app- 
licibl*  icron  the 
botrd 

o  Reliability 
requirement*  e*Wb- 
11»hod  In  term*  of 
lyitem/component  MTBP 

o  758  lattifactory 

o  lint  computer 

ilnulatton  of  pro* 
duct  Ion  Unit 
o  Data  from  prevlou* 
tut*  ut*d  to  deter- 
min*  (pare*  requlrtt- 
mtnti  and  loglitlc 
lupport  coat* 

o  Performed  If  con¬ 
fidence  In  «  d**1gn 
n**d*  to  b*  Improved 

o  Effective  only  for 
crltlcel  application 

o  dies  mechanical 
itrength  type 
analyil* 

o  781  vi*«d 
ble,  end  ij 

fit  tndlVt 

temple  til 
from  econc 
•ration*  ■ 

o  Cqulpami 
a  demonttr 
or  menufM 
felt*  raaM 
portion  of. 
already  p« 

around  lupport 
equipment  for  ipiti 
ihuttl* 

Rogulitort,  valve*, 
trmidpeirt,  motor*, 
•tc. 

o  780  rtbt  utodt  uii* 
OP  863  or  JSC  SW-E- 
0002 

o  758  ntlifactory 
•xaept  for  difficulty 
with  op*rat tonal 
*ny1ronmtnt*1  factor* 

o  Coit  *ff*ct1«*  for 
d*t*mi1ntng  If  goal* 
ar*  attainable 

o  Performed  per  XSC- 
STD-1 18(D) 

o  Coit  effective  for 
Identifying  critical 
component*  or  failure 
point* 

o  781  not i 

o  Teit  proa 
detlgned  ta 
expected  <1 
•nvlronmenl 

N*vy  toner,  flro 
control,  wfitponi, 
Uuncner  tyitemi 

Compontnt*  uni  quo 
to  lltttd  tyitemi 

o  785  u**d  *nd 
«pp)lc«b1*  if  tell- 
or*d  to  tddrttt  load, 
environment,  *tr*t* 
analyst t  *nd  dirttlng 

o  11*1 1*011  Ity 
requirement!  e»Ub- 
11*h*d  In  t*rm*  of 
fall ur*  r*t*i,  vpecl- 
fltd  11f*/eyelt»  *nd 
availability 

o  755  ntlifactory 
but  of  llndtid  valua 

o  NAVSEA  "TlftER" 
program  ui*d  for 
ilmulatori  and 

illittmant 

o  Performed  per  1829 

o  Static  and  dynamic 
analyte*  Including 
NASTRAN  uiod 

o  781  uted 
epproprlcb 
procedure* 
uulred  In* 
dymmlc  it 
complex  Is 

Vthicloi,  Mnding 
cr*ft 

o  785  idoptid  to 
progrtm*  ■  ippltcibl* 
with  tailoring 

o  R* 11  ability 
requirement*  ettlb- 
li*n*d  in  t*rm*  of 
*y*t»m  1*v*l  f»11ur* 
r«t*j  quil If (cation 
and  growth  monitoring 
uicd  to  «n*ur*  that 
r*qu1r«m»nt»  *r»  m*t 

o  Minimum  tiennflt 
for  complox  lyitems 

o  781  eppr 
raqulred  t 
for  compll 

j 

f 

M*eh*mc*l  equipment 
used  In  *pec*  crtft 

Byroi,  tllp  ring*, 
beirlng*,  »pr1ng», 
valve* 

o  788  not  uttd  bub 
tppllctbl*  when  tell- 
or*d  to  iptclflc 
hirdware 

o  Internal  document  a 
llml  Mr  to  785  trt 
u**d  to  tn*ur*  tub* 
contractor  compliance 

o  Requirement*  bind 
on  minion  Ilf*  ind 
minion  luccetv 
probability 

o  758  not  uiad 

o  Performed  but 
normally  limited  date 
It  available!  not 
very  coit  effective 

o  Perform*  a  product 
dnilgn  FMEA  which 
alio  Include*  a  <•*- 
view  of  proctnet 
and  matarlal* 

o  A  matrix  form  FMEA 
1*  uted  •  vary 
effective 

o  Required  to  l*o- 
late  potential 
dailgn  problam*  - 
vary  coit  effacllyo 

n  751  notf 
to  tpice  i 
o  Tait  prt 
developed: 
minion  n 
end  IncllN 
taneou*  pi 
end  envtn 
profile* 

o  Emphutl 
on  meettn 
level  red 

ONNAIRE  ON  RELIABILITY  PROGRAMS  FOR  NONELECTRONIC  DESIGNS 


stress  analysis 


Tf.ST  PROGRAM 


v  781  used  and 
applicable  hut  needs 
Impnivununt 


FAILURE  RATE 


DISTRIBUTION 


ANALYSIS/TEST/FIELD' 


Effective  only  for  o  7H1  used,  appllea- 
Htlct)  Application  hie,  and  tailored  to 

typt  from  economic  contld- 

n,lys,‘  orations 

o  Equipment  muit  pais 
a  demomtratlon  test 
or  manufacturer  for¬ 
feits  remaining 
portion  of  fundi  not 
already  paid 


o  781  not  used 

o  Teat  procedure!  are 
del I gned  to  duplicate 
expected  operational/ 
environmental  profile 


o  Field  performance  o  Expanded  effort 
corrolatei  sttltfac-  for  nonelectronic 
tory  with  anelyali  data  bate  It  needed 
retulti 


alytes  Including 
STRAN  mod 


MISCELLANEOUS 


Static  and  dynamic  o  781  utud  and 

‘  "  appropriate  but  now 
procedure!  are  re¬ 
quired  Including 
dynamic  stressing  In 
complex  loading 


o  Performed  .  effec¬ 
tive  where  result! 
are  clearly  trens. 
latablo 


o  Tailored  TAAF  for 
maturing  equipment 
uied,  tipeclally 
during  early  deploy- 
aunt  and  for  high 
reliability  syitemi 


o  A  handbook  with 
application  example! 
mould  be  helpful  in 
combining  Into  one 
terlea  of  document! 
the  different  pro¬ 
cedure!  currently 
uted 


o  Part!  election  o  Diitributlon  it  o  Correlation  o  Handbook  ahould 

procedural  art  unique  defined  by  dete  bate  tuff iclantly  good  to  atraat  trade-off  of 

to  etch  detlgn  con-  eld  in  locating  deretlng  vertut 


to  each  detlgn  con¬ 
tract  I  parti  may  be 
itandard,  preftrrad 
t pec  Wily  screened, 
etc. 


aid  in  locating  derating  vertut 
detlgn,  quality  and  rlaka 
maintenance  problemt  „  D|ti  h„,  for 

repalr/human  error 
poor 


Required  to  Ho- 
te  potential 
llgn  problems  - 
ry  cntt  effective 


o  /HI  appropriate,  o  Not  effective  • 
required  In  contract  too  difficult  to 
for  complex  system!  extrapolate 


o  Constant  failure 
rate  assumed 


0  781  not  applicable 
to  space  usage 
o  Test  procedures  are 
developed  from 
mission  requirements 
and  Include  almul- 
tinuout  performance 
and  envlronmantal 
profiles  if  possible 

o  Emphasis  It  placed 
on  meeting  system 
level  requirement 


o  Parti  selection 
It  limited  to  m 
"Approvad  Parts 
LWt1'  containing 
only  parti  which 
art  qua  1  If  lad  and 
hav*  a  known  failure 


o  Constant  fellurt 
rata  normally 
ttiumtd  -  Helbull 
considered  in  some 


o  Moat  problemt  art 
not  "random"  failure! 
but  art  datign  prob¬ 
lems,  1,1,  vary  poor 
correlation* 


u  ^'4WiViM*4  WjWuMM  if  Ah 


SUMMARY  OF  RESPONSE  TO  QUESTIONNAIRE  ON 


RESPONSE 

COSE 

■K 

■KTIIk 

PREDICTION 

FMEA 

STRESS  ANAL  VS  IS 

as. 

Ml  til  1  ■  tteerlng 
hydraulic  and  war* 
gat  lubiyitam 

Gu/hydreuHc  unit* 

o  78S  not  uiad,  not 
appll cabin 

o  Dailgn  revlewi, 
qualification  tait* 
ing  and  aecalaratad 
taitlng  ara  tha  artat 
to  concantrat*  r*. 
liability  affort 

o  766  not  uiad,  not 
ippilcabla 

o  Pradlctlona  uiad  to 
detarmlne  iparai 
raqulramantt;  locat¬ 
ing  data  which  rapra* 
lint  a  loading,  duty 
cycla,  anvlronmant  la 
tha  cniaf  problam 

o  Selectively  applied 
to  minion  erltloil 
lubiyitam,  compo- 
nanta  or  parti 

o  Performed  on 
lafety  critical 
hardwire  it  the  pirt 
levil  with  itetlitl- 
oil  emphitli  (probe- 
blllitle  milyili) 

o  Taitlng  protti 
detlgned  to  det* 
motel  or  Iniulit 
degradation  wtlld 
caum  field  Ion 
no  itatiltlci 
Involved 

V 

86. 

Rafrlgaratlon  com- 
prauort.  condtnuri, 
avaporatori,  velyyi, 
iwltchet,  ate. 

o  Rallablllty  program 
Inyokad  only  dan 
ipaclflcally  raqulrad 
by  contract 

o  78S  applicable, 
tallorad  to  fit  aaeh 
contract 

o  768  li  an  excellent 
baia-miy  hava  to  ba 

tallorad  for  torn 
contractu 

o  Performed  during 
initial  dailgn  In 
iccordanca  with  MIL- 
STD-164) 

o  Computer  program! 
uied  for  frame 
itructurel  itraii 
ana  1 y 1 1 1 

o  Strati  analyili 
raiulti  conparad 
with  ufaty  factor 
dailrad  •  radatlgn 
to  reach  dailrad 
ufaty  margin 

o  781  not  uiad) 
fomal  rallablm 
taitlng  not  parf 

' 

87. 

All  aircraft  ayitima 

All  auodated  com- 
ponanti  purchoud 
from  lubeantractori 
and  luppllart 

o  786  mad  and 
appllcabla 

o  Rallablllty 
raqulramantt  ipael* 
find  In  tarmi  of 

HT8UR  and  minion 
luccait  probability; 
luppllart  mutt  lupply 
fraa  iparai  until 
raqulramanti  ara  mat 

o  766  mad  and  tatli* 
factory 

D  dial  Maided  pro- 
duct  data  of  company 
ind  compitltor  pro- 
duoti 

o  Pradlctlom  necei- 
lary  for  trada 
itudlai  and  lyitam 
•valuation 

o  Parfomad  al  part 
ol  avary  dailgn 
afrort  In  iccordinct 
»Uh  Internal  procad- 
urei  compatibly  with 
ARP-926  end  1C29A 

o  Currently  the  molt 
coit  effective  tech¬ 
nique  ivellible  for 
detlgn  anelyiii  at 
all  level! 

p  781  not  uiad  ai 

not  applicable  «i 

(propotad)  III. 

raaionibla  itarf 

naodt  much  more  < 

sa. 

Nachanlcal  ramota 
control!  for  military 
and  comma rclal  air. 
craft 

Puih-pull  cabin 
attambtlai,  rolling 
friction  control 
auambliai,  rack  and 
pinion  gaar  boaai 

o  785  appllcabla 

o  Reliability 
requirement!  ipacl 
flad  In  tarmi  of 
syttem  1»*al  fillura 
rata;  qualification 
toiti  and  RIU  uiad  to 
aniura  raqulromantl 
ara  mat 

o  766  not  latllfac- 
tory  ■  rallablllty 
pradlctlom  not 
ptrformtd 

o  Petormed  only  If 
required  under  con¬ 
tract 

o  llmltad  number  of 
dttall  parti  permit! 
enelyoli  of  every 
part  In  eiiembly  - 
vary  coit  effective 

o  Operational /an 
rpnmentel  profit 
aitabllihad  prig 
tatting  utuelly 
accordance  with, 

o  Equipment  parf 
area  requirement 
muit  ba  mat  thro 
out  and  at  comp) 
of  ilmulatad  Ilf 
taitlng 

H9. 


90. 


Aircraft  tyltems 


Spies  end  underlie 
Ufa  lupport  equip¬ 
ment  ind  hydraulic 
rocket  anginal 


o  786  uiad  ind  appll' 
cabla 

o  Rallablllty 
raqulramanti  aitlti- 
llihad  In  tarmi  of 
NTBF  or  NTSMAj  re- 
liability  growth 
monitoring  uiad  to 
aniura  raqulramanti 
ara  mat 

0  766  not.  til  Ilf  ac- 
tory 

o  Prediction!  era 
optlmlitlc  and  do  not 
Include  workmenilitp 
or  dailgn  diflclan- 
clei 

Piaepi,  fan,  motori, 
valvai.  ictuatori, 
better! ai,  ate, 

o  786  uted  and  . ipl 1- 
cabla 

o  Reliability 
raqulramanti  aitab- 
llihad  In  tarmi  of 
lyitam  laval  failure 
rata,  ufaty  and 
million  luccrii 
probib  1  Hty 

o  Pradlctlom  uiad  to 
datarmlna  If  requlre- 
manti  hava  bean  mat- 
change  dailgn  until 
goal  It  mat  via 
redundancy,  component 
improvement,  etc. 

o  Performed  ai  pert 
of  avery  deitgn 
effort  In  accordance 
with  1(29 

o  Vital  at  both  iyt- 
tem  and  component 
level 

o  Strati  derating 
uiad  to  enure  fall- 
Ufa  dailgn 


o  Coit  off act t*o  and 
pansrally  a  neceti- 
Uy 

o  RAOC  Nonelectronic 
Pal  lability  NoWbook 
atpadally  uatful 


o  781  approprliM 

and  uiad  ai  a  gi 

to  modify  teitli 

particular  Hem* 

o  Economic!  endjj 

tcliodullnd  dots 

tait  umpiei 
o  layatlan  math 
uiad  to  aitabttf 

reliability  fr 

raiulti 


o  781  not  uiad  | 

o  Qualification] 
uiad  to  amuro  f 
qulramantl  ar«  ( 
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Imre  on  reliability  programs  for  nonelectronic  designs 


ACCELERATED  TESTING  I  RELIABILITY  GROWTH 


■ninnnHi 


ANAL Y5 IS/TEST/FIELO 
USE  CORRELATIONS 


a  TGI  not  used  and 
not  applicable  -  IBID 
(proposed)  It  a 
reasonable  starl  but 
roods  much  mure  work 


o  Monitors  ln-t*rvlc«  o  Interest  procedure!  o  Comtent  tel  lure 
performance  eccordlnp  uted  by  itenderdi  rete  uiuelly  assumed 
to  entlclpeted  In-  group 
provement  end  tike 
corrective  ectlon 
when  progress  l»  not 
utltfsctory  In  both 
dlipetch  reliability 
and  MTBUR 


MISCELLANEOUS 


o  Sufficient  Infer- 
met  Ion  exists  but  li 
too  widely  tcettered 
-  •  handbook  would 
help 

o  FME A,  Reliability 
Prediction  end 
Stroll  Anilyil!  are 
coet  ineffective  ■ 
often  dupllcetlon  of 
effort  ox  lilt 


o  field  performence  o  Vendor  Infometlon 
MTBF  2-3  timet  better  It  the  most  reliable 
than  analytlt  lource  for  predic¬ 

tion!  -  when  vendori 
will  cooperete 

o  Field  Informetlou 
from  the  Armed  Ser- 
vlcet  need}  to  be 
fed  back  to  tubcon- 
tractor  leval  where 
It  It  needed 


o  Primer  1 ly  need 
fellure  rate  Infor- 
motion 


o  Uperetlonal/vnvl- 
ronmenlll  prof  I  lei 


o  Indlvlduil  acceler 
ated  tests  are  tall- 


ettabllihed  prior  to  ored  to  complete 
totting  dually  In  teits  In  reasonable 


accordance  with  Bio 

O  equipment  perform, 
ance  requirement! 
mult  be  met  through- 
out  ano  at  completion 
of  itmuUlcd  life 
test  In, i 


dfratlnq  o  FBI  appropriate 
allure  fall-  and  used  at  a  guide 
tjn  to  modify  toits  for 

particular  itemi 

o  Economics  and 
scheduling  determine 
tilt  samples 

o  Bayesian  methods 
used  to  (stab! Ish 
reliability  from  test 
results 


time  without  produc 
log  detrimental 
effects 


o  Company  preferred 

0  ContUnt  figure 

ports  manual 

rate  assumid 

o  Prediction  are 
generally  optimistic 
-  don't  Include  work¬ 
manship  or  design 
deficiencies 

o  Teit  reiults/f laid 
use  correlations  good 
If  all  laboratory 
failures  (relevant 
and  nonrelevant)  are 
counted 


o  Fittings,  fasttn-  o  Constant  fallurt  o  Not  enough  field 
trs,  etc,  are  selec-  rate  usually  assutntd  experience  recorded 
ted  from  itandard  to  verify  the  very 
parts  list  high  reliability 

requirements 


SUMMARY  OF  RESPONSE  TO  QUESTIONAIRE  ON 


ACSPONSC 


91.  HVAC 


o  No  experience  Kith  o  781  not  used 

o  tft.houu  data  but 
0  Reliability  uaed  primarily 


Pneumatic  roleyt, 
temperature  trans-  785 
mlttera,  controllers,  .  B.u.knuu 
awStehet  9  MlWbtnty 

requirements  ttUb- 
llthed  In  turns  of 
system  level  fat iut*e 
rate)  qusllfleatlon 
ttiti  performed  to 
ensure  requirements 
in  Mt 


1  »*• 

1 

Armament  systems  • 
tanks,  artillery, 
mortar 

i  93. 

1 

Aircraft  procurement 
In  general 

94. 

Radar  antannas, 
pedaitals,  gun  sys¬ 
tems,  missile 
Isunchers 

95. 

} 

1 

1. 

\ 

i 

i 

Sonars,  missiles, 
ships 

Fuxes,  explosive 
train*,  hydraulic 
components 


Winches  and  holitt, 
transducers,  pro- 
pulsion  unit* 


Aircraft  MAE* 
systems 


Pneumatic  regulators 
f  I  re  axtlngulshar 
cont.alnari  for  «1r- 
crift,  pressure 
gauges,  prmura 
vassals,  praitura 
switches,  axploslve 
cartridge 


o  718  unit,  applic¬ 
able 

o  Reliability 
requirement*  astsb- 
1 1  shed  In  tenet  or 
failure  ratal  quali¬ 
fication  test  and 
growth  monitoring 
uted  to  ensure 
requirement*  are  met 


o  785  called  out  In 
alt  program* 

o  785  applicable, 
cannot  iiparate 
electronic  and  non* 
electronic 


o  786  used,  tatlsfac-  o  Performed  at  a  part 
tory  of  every  detlgn 

o  Worth  the  effort  •1wl>rm  wrth 

If  dona  properly,  but  th*  nlon,y 
can  be  difficult  for 
nonelectronic  device! 

o  Publlthed  data  mutt 
be  supported  or 
modified  by  valid 
data  from  act -ml 

test* 


o  786  can  be  satis¬ 
factory  with  tailor¬ 
ing  nuvi.,  MfllfTWr, 

o  Prediction  it  only  fi&i  „e 

a*  good  a*  the  In-  Jfl'ML  of 

Itlal  data)  need  more  ™ 
feedback  Into  3IDEP 
to  verify  report* 


o  785  used,  applic¬ 
able 

o  Reliability 
requirements  estab¬ 
lished  In  terms  of 
failure  rate)  Incen¬ 
tive*  for  meeting 
numerical  require¬ 
ment* 


o  756  used  but  not 
satisfactory 


o  785  used,  sppll- 
cable 

o  Reliability  goals 
specified  by  MTBFj 


o  756  uted,  applic¬ 
able 

o  Predictions  good 


o  weiieonity  goals  o  Predictions  good 
specified  by  MTBF|  tf  used  In  conjunc- 
quallflcatton  tests  tlon  with  stress 
and  growth  monitoring  analysis 

requirements  are  met  0  u,#(i  *nd  900(1 


o  Performed  at  part 
of  every  design 
effort  using  1689 
with  top  down  ap¬ 
proach 


o  mechanics!  and 
thermal  stress 
analysts  performed 


o  785  not  uted  but 
considered  applicable 

o  Reliability 
requirements  speci¬ 
fied  In  terms  of  sys¬ 
tem  level  failure 
retest  control 
through  testing  to 
meet  specific  numeri¬ 
cal  requirement*  or 
Is  not  act apt ad 


o  756  satisfactory 

o  Predictions  provide 
confidence  the  design 
will  meet  contractual 
obligation 

o  Published  fellure 
data  requires  Inter¬ 
pretation  to  epply 
to  specific  use  and 
derating 


o  Performed  if  o  Absolutely  esten- 

required  under  con-  tleli  starts  at 

tract  pleca  part  level 

o  Helps  to  fully  (fitting.)  for 

understand  wsakno.se.  °r,“UP0  v#**"'* 

In  the  components 
before  menufacturlng 
begins 


iuftwf  s  a  if*  >lY^irT,i»rdr*Sf*-'d 


‘■—•smwRWHwe.  y ■,  ~.,i 


mONAIRE  ON  RELIABILITY  PROGRAMS  FOR  NONELECTRONIC  DESIGNS 


STRESS  ANALYSIS 


I _ TEST  PROGH 


o  No  experience  with 
781 

o  Laboratbry  fall¬ 
ibility  adjusted  to 
rtild  lift  by  deter¬ 
mining  in  acceler- 
itlon  factor  biitd 
or  prevlput  totting 
of  tlmllir  typi  pro¬ 
duct!  ind  usage  on* 
vlronmant 


FAILURE  RATE 


ANALVS IS/TEST/F IELD 


VllUHUIl'lik'i 


o  Accounted  cycli, 
itrost,  ond  environ¬ 
mental  totting  per- 
formed 

o  Hoit  entt  offectlvo 
method  when  intlyilng 
nonelectronic  deilgnt 
where  phyilcil  wetr 
chiricterlitlci  ire 
t  determining  fictor 
for  component  life 


e  Hindbook  .  st- 
Ify  group!  of  pro- 
ducti  In  itmtUr 
tppllcitlont  would 
help 


o  781  uied  ind  ap- 
prulite  when  wetr 
doei  not  become  a 
fictor 

o  781  need!  Improve¬ 
ment!  more  flexibili¬ 
ty  tnd  conilderatlon 
of  nnncomtent  ftll- 
ure  rite 

o  Bayesian  epprotcht! 
uteri  for  imill  umple 
till! 


o  Results  ire  never 
concluilve  -  probib- 
1y  e  wiite  of 
reiourcet 


o  Prediction!  of  ul- 
tlmtte  relliblllty 
ire  mide>  Bind  on 
plinnod  relliblllty 
growtli  toste i  mile- 
itonei  ire  eitib- 
llthed,  Major  teiti 
ire  conducted  at 
thole  ml  Intone!  to 
meiiure  growth 


o  Content  failure 
rite  illumed 


o  Amlyilt  are 
usually  optimistic  In 
comparison  to  field 
performance  testing! 
often  consistent  with 
field  resulti 


O  MIL -STD-065  with 
help  from  DISC 


o  781  not  usedi  not 
■ppllceble 

o  Test  under  worst 
operttlonil  end 
environmental  con¬ 
ditions 

o  TAAF  testing  used 


0  Mechanical  ami  o  701 C  used  but  not 
thermal  Unit  appropriate  -  new 
•nelyses  ptrformnd  procedurei  required 

u  Laboratory  test 
results  divided  by 
2  to  eitlmito  field 
rolliblllty 


o  Company  preferred 
Pil'd  list 


o  Actutl  field  per¬ 
formance  Is  1/)  to 
1/2  of  the  predicted 

rote 

o  Prediction  tnd  test 
remits  ire  closely 
eorrelsted 


o  Constant  failure 
rate  assumed 


p  Absolutely  avion- 
tlill  starts  at 
plica  part  level 
(fittings)  fur 
pressure  vessel i 


o  Accelerated  aging 
for  leakage  rate 
determination  per¬ 
formed 

o  Helpful  If  acceler¬ 
ation  Is  meaningful 
In  real  world,  a.g,, 
hot  and  cold  excur¬ 
sions  nf  environment 
for  accelerated  aging 


o  Use  standard  hard-  |o  Constant  failure 


ware  -  parti  and 
aiiembl let  that  have 

hid  qual If Icatlnn 
tests  on  other  pro¬ 
grams 


rata  assumed 


o  Inherent  design 
relliblllty  Is  pre¬ 
served  during  pro¬ 
duction  by  scrupu¬ 
lous  attention  to 
tolerances 


LtYMMhlLkt!]' 


III.'IIMIMP  !ll  ~i  .III  . 
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SUMMARY  OF  RESPONSE  TO  QUESTIONAIRE  ON  RELI 


RESPONSE 


iv^iWai 


Jet  engine  componenti 


HANA8EMENT 


KJC'IZJ, 


o  756  unutlefeetory  o  Performed  md  coit 
.  tractive  for  control 

P lIu  iji  ItrfmnTj  '7ltW  NhOfO  OffOCtl 

evHtJhfa  ,p*  not  «bvtouo  In 

rootri  In  evelublo  ueordlnei  18(9 


rooted  In  tvolUb 
dote  bHH 


Antenni  end  ootor 
pmel  deployment 
■echini  uri,  Hr 
conditioner!,  hind 
held  power  tool! 


o  768  ipplletble  end  o  7(6  uniitlifeetory  o  Performed  only  If 
coit  effective  when  .  ,,  .....  required  by  contract 


coit  effective  when 
properly  tH1ored| 


o  Effective  If  Plied 
on  itreii/itreln 


iifety  margin  ipecl- 

jfled  when  required  |J|J  JJJJ  #r  ,,u#u* 


o  Relliblllty 
requirement!  ipecl* 
fled  In  tenet  of 
MT8F  end  probability 
of  million  iceom* 
pllihaent 


Sitelllte  tublyetemi  o  Suipecti  785  would 
•nd  itnmbllii  need  tone  rither 

violent  tailoring/ 
modification 

o  Relliblllty 
requirement!  ipecl* 
fled  In  terai  of 
Mem  Minion  Ountlon 
md  MTBFj  relliblllty 
control  by  100* 
temple  totting  md 
on*orb1t  performmei 


■Uiii  h  iiu  1 1 


Antonnee,  ittltude 
control  lubeyitemi, 
tolir  errey  boom, 
propul  Hon  eubiyitemi 

Component!  of 
referenced  lyitemt 

Solar  pmeli,  deploy¬ 
ment  mechmltmi. 
reictlon  control 
lyitom,  itructurei 

Honey  comb  motel, 
vilvei,  Hnei 

Spice  leunch 
vehlclei,  mltillei 

Componenti  of  refer¬ 
enced  eyitemt 

0  788  prop  ran  o  Poor  effect  I  venom  o  Performed  In  o  Good  effective-  o  7*1  no 

requirement!  uied  on  etren/itrength  eccordmce  with  nem  define  margin  ipproprf 

both  electronic  md  illumed  dlitrlbutloni  ARP-976,  MIL -STD- IBO  of  eich  pirt 

nontlect-onle  gain  It  common  model  ind  SAHJO-STO  77-t  .  Mll0.  -.-u.j  ultd 

moit  control  end  0  Dr>dlc>  t6r  »Pacacraft|  depth  J  A. 

--I;*::  Ms  “JnSnSE  z.xsss,  r 

i»!«  *■'  •'  & vaiur-  a»  “ *» 

flnlih,  etc, 


o  717  dot i  uied 


o  73S  uied;  ipp  1  lea-  o  756  utlifictory 
ble  end  coit  effec¬ 
tive  when  epproprl- 
itely  tailored 

o  Relliblllty  re* 
qulrementi  ipeclfled 
In  term  of  ufoty, 
fillure  ritei  md 
minion  iceomplllh- 
merit  probability! 
control  by  icceptmce 
teiti  end  contl nuoui 


|o  hot  performed 


o  Performed  ai  part 
of  ovary  del  Ion 
effort  per  I8«!  very 
coit  effective  to 
Identify  where  to 
tpend  reioureei  for 


o  781  not 
epproprl* 

o  MU.-ST 
roeod  In 
box  dleg 
ipece  era 
develop 
envlro 
filet 


o  781  uta 
ipproprli 
o  Extern!1 
cetlon  te 
gran  md 
control  u 
eniure  re 


•»»vertWr.‘v,lWV-  >(•.! 


'  %«k."  ■ 


o  701  not  utidj  iCOPP  o  Acetlirittd  Hinton  o  Conponint  Inprovi-' 
mould  M  inpindid  to  Tilting  for  inglm  mint  prograi  lupict 
covir  non-nppnintul  hot  nctloo  parti  ti  on  rlilulllty  it 
diminution!  ind  uiid  to  litibllih  imiiid  ind  futun 
Acciliritid  Million  durability  r«1 1  ability  growth  It 

Tilting  o  Effietlvi  on  dun- 

o  Minion  inilyili  Mltty  llmltid  pirti  p4r*d  to  flild  d«t« 
pirformd  to  divilop 
•nglni  cyclic  uiigi 
prof  1 T«i  pint  lift  It 
proport ion«l  to  cycli 
iccunulitlon 


0  781  not  utld,  not 
ipproprllti 
o  Ttiti  in  run  to 
fllluri  whin  pricll- 
c  *1  to  iitun 
idiquiti  uftty 
nurglni 


o  Pirform  Incnmd  o  Not  Iffictlvl  un¬ 
duty  cycli  tnti  with  lilt  Ittn  1i  vory 
artificial  cooling  compllcotid 


o  Quo  1 1  f  1  c  it  Ion  tntt  o  Hlghlr  cycling 
for  iitillltit  in  it  ntli  ind  ilivitfd 
livili  ibovl  wont  tmpirituri  twit i 
cm  predlctid  pirformed 


0  Slldom  pirfomidj 
not  inn  it  girnini 
or  product  I v*  for 
urta-of  -a-k  1  ncl  or  vlry 
fir  of  I  kind  Uni 


o  Conitint  fllluri 
nti  not  iliunud 


o  Cornlotlont  Pi-  n  Hilntininci  Intir- 
trim  pndlctloni  ind  vili  iri  ehoim  for 


„  III.  u.m.iii  niBi-i  tilt  ntuttl  iri  poor  mglnii  to  optlalii 
0  dll  Nil  Pul  I  ptpiri  du|  t0  alfflrtnCt  |n  colt,  mglm  rimov. 

data  Pill  inglno  ind  tit  ind  othar  piran- 


»^"*uinl?t*{!vi 
nl  lability 


diti  Pin  mglnd  in 
tut  inglm  dulgn, 
milntminci  ind 
•nvlromint 


•tin 

o  A  hmdPook  with 
IlCtlonl  by  InOuitry 
or  iquIpMnt  typit 
It  pottlbli 


o  Non  pirHntrlCt 
Pollion,  ncmtl  or 
blnomlil  d  1  it r 1  button 
mumid  dopmdlng  on 
Him 


0  Conitint  fillun 
ritl  not  illumidj 
curvi  unknown  Put 
dlttlnctly  non-1 Inilr 
both  In  quit  1 f 1  cat (on 
ind  tcctpunct  tint¬ 
ing 


o  Conitint  fllluri 
ritl  iiiunwd 


0  Mijor  lourci  of 
problim  1i  with 
Intirprititlon  of 
HTBf,  MTBMA  dif Ini- 
tlon 


o  Prollfintlon  of 
ttlndlrdt  tindi  to 
mitt  confullon  not 
pncllton 

o  Syitm/iubtyttini 
onvlronmmti  diflnid 
by  MIL-STU-HIOAl 
moving  Mchintcil 
itlimblloi  pir 
DOO-A-03P77A 


o  Handbook  uiiful  to 
Itindirdln  nftiy 
fpctor  timti  ind 
itrm/itringth 
mirgln  inilyili 


0  Am'ytlcil  reiultl  o  OID'i  iffictlvli 

vlry  conurvitlvi  Idintlfy  Mictly  how 

compirid  to  ictuil  thi  contrictor  will 

Mild  pirfominci  bi  'ionltorwd 


SUMMARY  OF  RESPONSE  TO  QUESTIONAIRE  ON  REL 


RESPONSE 
CODE 


MANAGEMENT 


PR 


Preput i Ion  systems 


InortUt  guidance 
epMpononti 


0  7B5  useO  and 
applicable 

c  Rat  lability 
requirements  speci¬ 
fied  In  terms  of 
system  tavat  failure  (alternatives  and  ai 


PREDICTION 


o  756  utad  and  o  Performed  at  part 

aatltfactory  of  every  design 

o  Important  and  coat 
effect tve  at  compo- 

issjssl  :°:An.\9n  tv.i.  to  ..tabiith 


TRESS  ANALYSIS 


o  Coat  affective! 
lean  locate  over- 
ttretted  components 
end  should  be  coord¬ 
inated  with  designer 


ratal  and  relation  companion  to  other 
icconpltlhieent  proba-  iliellar  tyitemi 

(1  P17C  end  fttBFP  me 


r'Xninn  to  nihli  ^^lc.1  failure! 

i?m?1»r,ivtt«Btth,r  th,t  b*R<n  '*  compo- 
iliellar  tyitemi  wnt  i.vel  and  propa- 

o  21 7C  and  OIDEP  used  gate  through  lyittei 


Explosive  ordnance, 
emergency  eicape 
tyitemi,  energy 
tranifer  tyitemi 


a  756  unietlifectory  o  Very  useful t 

performed  If  required 
under  contract 


Turbo  machinery, 
hydraulic  end  pntu- 


Pumpi,  velvet,  deir- 
boxes,  gat  turbines, 


ll/Ul  fUl  IW  HUM  I7VAQI)  WUI6MHT»| 

matte  tyitemi,  itruo-  regulators,, mechinl- 
turei,  mechanical  cal  linkages,  actue- 


turei,  mechanical  cal  linkages,  ectua- 
drlvei,  flight  con-  tori,  itruetural 
troll,  fuel  tyitemi,  members,  reiervolri 
landing  and  arresting  and  accumulators 

gear 


o  785  applicable  and 
used)  requlramanti 
tailored  depending 
upon  criticality, 
cost,  state-of-the- 
art  with  785  used  at 
a  shopping  Hit 


o  758  satisfactory 

o  Good  for  ball  park 
aitlmitei  and  for 
dat ermlnlng  the 
Improvement  required 
over  exlatlng  Item! 
to  meet  reliability 
goal  i 


o  Performed  it  pert 
of  every  design 


o  Very  cost  effec¬ 
tive  when  operating 


effort  for  compering  environment!  ere 


re) labilities  of  well  de' 

alternate  system  results 

designs  or  two  compo-  by  test 
nents  and  for 
troublashootlng 


well  defined  and 
results  are  verified 


Proceas  systems  for 
nuclear  power 

stetlons 

Process  system  compo¬ 
nents  for  nuclear 
power  stations 

o  785  applicable  and 
used  Indirectly 

o  Reliability  re¬ 
quirements  specified 

In  terms  of  safety, 
system  level  failure 
rates  and  mission 
accomplishment  proba¬ 
bility!  controlled  by 
qualification  tests 
to  meet  a  numerical 
requirement  or  not 
accepted 

0  756  unsatisfactory 

o  Performed  as  pert 
of  every  design 
effort  with  1629 
tailored  to  nuclear 
Industry 

o  Stress/strenqth 
reliability  models 
used  for  critical 
Items  (earthquake 
anilyiis) 

Missiles 

Missile  components 

o  785  can  be  cost 
effective  with  addi¬ 
tional  specific 
requirements 
o  Reliability 
requirements  speci¬ 
fied  in  terms  of  sys¬ 
tem  level  failure 
rates  snd  mission 
accomplishment  proba- 
bll Ityj  controlled  by 
testing  to  meet  nu¬ 
merical  requirements 

o  756  unsatisfactory! 
too  sketchy  to  be  of 
any  value,  needs 
revision  to  Include 
reliability  block 
diagrams  and  redun¬ 
dancy  and  availa¬ 
bility  equations 

o  Useful  for  compar¬ 
ing  alternatives  and 
establishing  spares 
requirements 

c  Recommended  as  part 
of  every  design 
effort!  pqrformed  In 
accordance  with  1C29 
o  Vital  during  design 
phase  to  detect  po¬ 
tential  problem  areas 
and  to  permit  remedi¬ 
al  design  changes 

o  Vital  during 
design  phase  to 
detect  potantlal 
problem  areas  and 
permit  remedial 
design  chinget 

Ilectromechanlcol 
devices  for  spaco/ 
satulllte  applica¬ 
tions  such  at  solar 
array  drive  assem¬ 
blies,  gimbals, 
antenna  drive  mecha¬ 
nisms,  etc. 

Drive  motors,  si  Ip- 
rings,  actuators 

o  70S  not  used  and 
not  applicable)  not 
an  effective  program 
document 

o  Reliability  re¬ 
quirement  a  specified 

In  terms  of  safety, 
system  level  failure 
rates  and  mission 
accomplishment  proba¬ 
bility)  controlled  by 
testing  to  meet  nu- 

p  755  satisfactory! 
nonelectronic  section 
should  lie  expanded 

o  Performed  If  re¬ 
quired  under  contract 
per  1 603 

o  Good  means  of 
quickly  Identifying 
components  that  are 
single  point  failures 

o  Necessary  to 
assure  adequate 

design  margins 

AIRE  ON  RELIABILITY  PROGRAMS  FOR  NONELECTRONIC  DESIGNS 


TEST  PROGRAM 


0  781  used,  (10  com¬ 
ment  on  application 

o  Imp  11  tubes  and 
sequences  of  environ- 
ments  are  given  to 
test  labs  for  appli¬ 
cation  during  test 


ACCELERATED  TESTING  RELIABILITY  GROWTH 


o  May  or  nay  not  bt 
affective  depending 


o  Reliability  demon¬ 
stration  tests  used 


PARTS  SELECTION 


|o  PPSL  books  used 


on  accuracy  of  slmu-  to  monitor  growth 
' ,*t,on  o  Cost  effective  If 

o  Increased  test  tine  there  art  many  copies 
or  accelerated  envl-  of  the  same  component 
ronment  totting  used  being  produced 
when  only  small 
sample  sites  are 
aval  Title 


FAILURE  RATE 


DISTRIBUTION 


o  Constant  failure 
rata  assumed 


o  Used  and  effective 
occasional  ly 


o  7BI  not  appropri¬ 
ate!  new  procedures 
required 

o  Lot  acceptance* 
tests  used  to  confirm 
reliability  progress 


y  cost  effee-  |o  781  not  used  and  |o  Performed  In  early  |o  Helpful  fur  projec-lo  Preferred  Parts 


o  Selection  and  tur-  o  Constant  failure 
veltlinca  rules  rate  assumed 
utllltad 


ANALYSIS/TEST/FIELD 
USE  CORRELATIONS 


o  No  experience  with 
analysis  to  field 
correlations;  3-A 
years  difference  be¬ 
tween  design  and 
operations 

o  Test  ind  field 
correlation  not  good 
due  to  different 
definitions  of  fall- 
urts 


o  All  corralatlons 
Inadequate 


When  operating  not  appropriate;  test  prototype  testing 

onmonts  are  levels  are  OK  as  phase 

■defined  and  guidelines  but  actual 

Its  ere  verified  environments  should  q8^,opn„lH  ph 

1,1  t0  uncover  Inhere 

aro  too  long  thy  for  d.,,idn  u-jknnss : 


prototype  testing  ting  expected  rel la- 
phase  blllty  to  be  attained 

o  Very  cost  effective  *» 

In  development  phase  be  accnmpenled  by 
to  uncover  Inherent 


Lists  utilised 


high  MW  components  ^"“in 

environment  knowledge 
Is  necessary 


o  Planned  reliability 
growth  Is  not  Inclu¬ 
ded  In  programs;  tf 
failures  occur  the 
causes  are  studied 
and  a  remedy 
attempted 


o  Dunne  pint  utl  I  ■ 
lied;  straight  line 
nn  log-log  paper 


liary  to  o  ?ei  not  used;  o  higher  cyclic  rate 

edequate  similar  procedures  (RPM)  tests  pnrfomoi 

matnlns  used  for  running  r  not  always 

several  life  tests  o  v|)ld1  accelerate 
qua  Ify  nonelectronic  actual  failure 
modes  of  mtemt  in 
a  rtMsnnjbta  t.lfne 


o  Hfahar  cyclic  rAto  o  Nat  valid  fo»* 
(MPH)  ter.tr»  pnrforaiod  proflrwt  that  only 

0  Can  not  always  J  ?rJ,  “f  » 

n.lldlv  arrnlerate  °f  hardware 


o  Constant  failure 
rale  assumed 


MISCELLANEOUS 


COMMENTS 


o  Series  reliability 
models  used  for 
'logistics  support, 
redundant  models  for 
mission 

o  A  handbook  similar 
to  817  should  bn 
preperod  for  non¬ 
electronic  parts 


o  The  entire  area  of 
single  function 
(onetime)  systems  Is 
Inadequately 
addressed 


o  Correlations  not 
made;  testing  Is  to 
Identify  and  fix 
problems 

o  System  level  pro- 
dictions,  lasts,  and 
field  results  appear 
to  be  close 


o  Tellur#  roportlng 
systems  with  closed 
loop  corrective 
octlun  required  ond 
continuous  produc¬ 
tion  line  monitoring 
used  to  monitor  end 
ensure  reliability 


o  In  general,  analy-  o  A  general  recog- 
sts  and  field  results  nliad  failure  data 
correlate  well,  but  base  of  nonelectron 


the  human  fector  Is 
not  always  predicta¬ 
ble 


o  Uelbul 1  distribu¬ 
tion  used  for  cpnpo- 
nents  subject  to 
wearout 


1c  equipment  would 
bu  most  useful ; 
similar  to  IEEE  STD 
500-1977 


o  Mechanical  rel la¬ 
bility  failure  rales 
are  at  the  level 
electronic  peris 
were  In  1960:  sug¬ 
gests  tmcklnq,  air¬ 
line  and  food  pro¬ 
cessing  firms  must 
have  Info  on  break¬ 
down  and  repair 
characterlst les 


o  SHprlnqs  perform  p  Recnntnnnds  award 
100  x  better  than  Incentives  lor  rell- 
predlcted  Industrial  ability  and  duality. 


failure  rates 


not  Just  cost  and 
schedule 

0  A  handbook  like 
PI 70  Is  needed  for 
nonelectronic  compo¬ 
nent  rellabil  Ity 
predictions 


.r'-y-WJims 


SUMMARY  OP  RESPONSE  TO  QUESTIONAIRE  ON  RELI 


RESPONSE 


ll'lUl 


Tracked  military 
vehicle  lyitwi 


MANAGEMENT  | 
PR 


o  7858  ut«d  and  o  756  not  generally 

applicable  used,  not  satisfac- 

o  Reliability  t0P* 

requirements  «ri  o  Prod  let Ion  It 

specified  in  terms  of  compared  to  th«  roll* 
I  system  level  failure  iblltty  allocation 
ratoi,  mloslon  accom-  for  differences! 


valves,  diesel  ipeeifledtn  a( 

jMffx  asrsas- 

billtyt  control  by 
testing  to  moot 
nunerleal  require- 
manta 


Missiles,  apacocraft  Aetuatori,  propulsion  o  7*6  uatd  and  appll-  o  7*1  latlifactory, 
componanta,  ate.  cablet  adjustments  utad  for  approximate 


Hi.iti iwm  an  i 10 


fXSSSlSMi 

•  ill-  lui  tiiU  .  ■ 


•or*  itrau  analysis 
should  bo  porfomod 


AUACS,  gonaratora  Switches,  relays, 


Switches,  relays, 
connactora,  PCB's, 
1  .C.  sockats,  ate, 


required  to  modata, 
tasting  and  othar 
sub-disciplines 

0  (tat lability  re- 
ulrements  art  sptci- 
iud  in  terms  of  MTBP 
and  mi  as  ion  accom¬ 
pli  ahmant  probabili¬ 
ty!  control  by  taat 
to  numerical  require- 
nts 


l  Li 


0  76*  not  utad,  not 
applicibla 

0  Reliability 
requirements  aped- 
ftad  in  tarma  of 
ayitan  taval  failura 
ratal  and  minion 
accomplishment 


constant  failura 

rates 


0  Performed  at  part 
Of  ovary  dot  ion 
effort  par  1*29  and 
reference  SAE  pro¬ 
cedural 


0  Strati  varaut 
strength  analytia 
affective  for  slmp- 
lar  machaniami 


lo  7*1  Ul 


0  756  unietiafactory 


0  Performed  according  o  Sometimes  useful t 
to  customer'll  withes  only  cost  effective 
for  specific 
troublesome  compo¬ 
nents 


Electo-mechanieal  Pyrotachnically 
systems  such  as  spin  actuated  devices, 
systems,  icon  actus-  liquid  propellant 
tori,  linear  drive  devices,  valves, 
systems,  spacecraft  regulators 
orbital  Injection 
modules 


0  788  used 

0  Reliability 
requirements  speci¬ 
fied  In  terms  of 
safety  and  redundancy 
tn  eliminate  single 
point  failure  proba¬ 
bility!  control  by 
test  to  meet  numeri¬ 
cal  requirements 


0  Performed  as  part  0  Not  directly  0  Extreme 

of  every  design  applicable  unless  mints  and 

effort!  fault  Mode  you  consider  Free-  testing  c 

failure  Trees  are  ture  Mechanics  at  an  antrapola 

broken  down  on  matrix  equivalent  to  adjust 

sheets  which  cron-  results  1 

reference  the  proven-  field  relll 

live  measures  to  be 
performed 


iAIRE  ON  RELIABILITY  PROGRAMS  FOR  NONELECTRONIC  DESIGNS 


MS  ANALYSIS 


TtST  PftOORAM 


ACCELERATED  TEST  I  NO 


RELIABILITY  GROWTH 


PARTS  SELECTION 


FAILURE  RATE 
DISTRIBUTION 


ANALYS1S/TEST/FIEL0- 
USE  CORRELATIONS 


MISCELLANEOUS 
■  COMMENTS . . 


’«med  by 
|l  Engineering) 
It  mi  anilysit 
If  b*  performed 


o  781  not  used,  not 
approprlete)  now 
procpdurot  ruqulred 


o  Not  porfornodi  not 
enough  ti  known  ibcut 
tho  reletlonthlp 
botwnn  iccolorottd 
totting  tnd  noraal 
service 


o  Plannod  growth  must 
ultimately  moot 
requirements)  Ouono 
corvot  are  mod  to 
project  growth  it 
system  lovol 


o  Holbull  dlstrlbu- 
1 1  or  assumed 


o  RocoIy*  proetlcolly 
no  tnfomotton  on 
octuol  Ftold  perform- 
onco  but  prodiction 
corrilotoi  wo  1 1  with 
toot  program  eaperl- 
■net 


Dotlgn  function 
hat  practically  no 
contact  with  produC' 
1 1  on ;  ihould  bo 
corroetod 


|. 


II  voriul 
lh  onalyili 
l»  for  simp, 
than  lint 


o  781  ulod  at  lyttom 
lovol i  approprlata 
at  long  at  fallura 
rato  distribution 
ii  not  radically 
different  from  con- 
Itant  over  useful 
lift 


o  Uioful  for  param¬ 
eters  like  fatigue 
and  wearout 


o  Performed  on  newer 
systems)  used  only 
for  monitoring 
purposes 


o  Uses  o  rattrteted 
list  -  not  compre- 
honslvt 


Cenitant  failure 
rato  iitumod  with 
tome  exceptions 


o  field  performance 
usually  measured  In 
different  terms  thin 
predicted  performance 
-  where  this  has  been 
unscrambled  correla¬ 
tion  has  been  good 


Most  electronics 
bind  methods  can  bt 
used  for  nonelec¬ 
tronic  components! 
lack  of  an  adepuate 
data  bate  hinders 
the  use  of  mors 
sophist  kited  models 


I'lmai  useful) 
lit  effective 
Klflc 

Home  compo- 


c  Only  cost  effective 
for  specific  trouble 
some  components 


o  Use  test  results 
(such  as  life  test) 
to  develop  relia¬ 
bility  growth  curves 


o  No  formal  lied  parts 
selection  procedures) 
this  Is  an  area  of 
particular  weakness 
throughout  Industry/ 
military 


o  Constant  failure 
rite  assumed)  no 
other  alternatives 


_  A  handbook  Is 
badly  needed)  the 
RDM  and  other  such 
teats  don't  really 
cover  "nonelec- 
trontes" 


irectly 
ble  unless 
Ildar  Frac- 
Bhanlci  as  an 


o  Entrant  environ¬ 
ments  and  accelerated, 
tasting  coup  1 ed  wltn 
eatrapolation  is  used 
to  adjust  lab  test 
results  In  estimating 
field  reliability 


o  Tints  such  as 
betringi  run  at 
higher  itatdt  than 
that  Intended  in 
flight 

o  Effective  If  etten 
1 1  on  Is  paid  to 
failure  modes  either 
Induced  or  precluded 
by  test  acceleration 


o  used  only  at  appli¬ 
cable  through  Inher¬ 
ent  hardware  design 
Improvement  from  past 
projacts 


p  Const snt  failure 
rite  illumed  In 
merglnt  testing 


APPENDIX  D 

GENERIC  PRODUCT  SUMMARY 
OF  YES/NO  RESPONSES 
TO  QUESTIONNAIRE  ON 
RELIABILITY  PROGRAMS  FOR 
NONELECTRONIC  DESIGNS 
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MISSION 

of 

Rome  Air  Development  Center 

RAW  plant,  and  executes  research,  development,  tut  and 
Selected  acquisition  pn.ogA.am  in  Suppof U  of  Command,  Control 
Communications  and  Intelligence  (C*Z)  activities .  Technical 
and  engineering  support  ultfiin  atom  of  technical  competence 
■u  provided  to  ESP  Program  0Uic.es  (PC*)  and  other  ESP 
elements.  The  principal  technical  mission  areas  are 
communications,  electromagnetic  guidance  and  control,  sur¬ 
veillance  of  ground  and  aerospace  objects,  intelligence  data 
collection  and  handling,  information  system  technology, 
ionospheric  propagation ,  solid  state  sciences,  microwave 
physics  and  electronic  reliability,  maintainability  and 
compatibility. 
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